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Background of the Invention 

This invention relates to a semiconductor light emitting device and a 
15 manufacturing method thereof, as well as a semiconductor device and a manufacturing 

method thereof, especially suitable for applications to semiconductor lasers, light emitting 
diodes or electron transporting devices made by using nitride III-V compound 
semiconductors. 

Semiconductor lasers made of AlGalnN or other nitride III-V compound 
2 0 semiconductors are under active researches and developments as semiconductor lasers 
capable of emitting light from the blue region to the ultraviolet region required for 
enhancing the density of optical discs. 

Japanese Patents No. 2780691 and 2735057 disclose semiconductor lasers using 
nitride III-V compound semiconductors. A semiconductor laser disclosed by the former 

2 5 patent is made of nitride semiconductors containing In and Ga, and includes an active 

layer of a quantum well structure having first and second surfaces, an n-type nitride 
semiconductor layer made of In x Gai- x N (0<x<l) in contact with the first surface of the 
active layer, and a p-type nitride semiconductor layer made of Al y Gai. y N (0<y<l) in 
contact with the second surface of the active layer. A semiconductor laser disclosed by the 

3 0 latter patent is made of nitride semiconductors containing In and Ga, and includes an 

active layer having first and second surfaces, a p-type contact layer made of p-type GaN 
adjacent the second surface of the active layer, and a first p-type clad layer made of a p- 
type nitride semiconductor containing In and Ga between the second surface of the active 
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layer and the p-type contact layer and having a band gap energy larger than that of the 
active layer such that the first p-type clad layer is in direct contact with the second surface 
of the active layer. 

When the Inventor actually fabricated a semiconductor laser using the technique 
5 disclosed by the former Japanese Patent No. 2780691 for the research purposes, the laser 
exhibited a high initial deterioration rate in its life test and a tendency of gradually 
increasing in operation current with time. Additionally, remarkably uneven 
electroluminescent emission of light was observed. 

A semiconductor laser experimentally fabricated by using the technique disclosed 
10 by the latter Japanese Patent No. 2735057 exhibited a still remarkable increase of the 
initial deterioration rate. 

It is therefore an object of the invention to provide a semiconductor device made of 
nitride III-V compound semiconductors, having a sufficiently low initial deterioration rate 
and a long lifetime, and remarkably reduced in change with time of the operation current 
15 and in emission unevenness, as well as a method capable of easily manufacturing such a 
semiconductor light emitting device. 

More generally, an object of the invention is to provide a semiconductor device 
made of nitride III-V compound semiconductors, elongated in lifetime and remarkably 
reduced in change with time, as well as a method capable of easily manufacturing such a 
2 0 semiconductor device. 

A further object of the invention is to provide a semiconductor light emitting 
device made of nitride III-V compound semiconductors, elongated in lifetime by 
improvement of the crystalline quality of its optical waveguide layer, additionally 
exhibiting high symmetry of intensity distribution of light in far-field images especially in 

2 5 case of a semiconductor laser, and capable of reducing the aspect ratio of the radiation 

angle (beam divergence angle), as well as a method capable of easily manufacturing such 
a semiconductor light emitting device. 

More generally, the further object of the invention is to provide a semiconductor 
device made of nitride III-V compound semiconductors, elongated in lifetime and having 

3 0 favorable properties, as well as a method capable of easily manufacturing such a 

semiconductor device. 
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Summary of the Invention 

To solve the above-discussed problems, the Inventor made researches with all 
efforts. Outline thereof is explained below. 

For manufacturing a semiconductor laser using nitride III-V compound 
5 semiconductors, in general, for the purpose of preventing deterioration of its active layer 
by elimination of In or preventing overflow of electrons injected into the active layer in 
the process of growing a p-type optical guide layer or a p-type clad layer on the active 
layer of InGaN, or the like, at a high growth temperature around 1000°C, the active layer 
is first grown, then an approximately 20 nm thick cap layer of p-type AlGaN having Al 
10 composition as high as approximately 0.2 is next grown at the same temperature as the 
active layer, and a p-type optical guide layer ad a p-type clad layer are grown at a raised 
growth temperature. However, according to the knowledge of the Inventor, although this 
structure certainly prevents deterioration of the active layer by elimination of In, a large 
difference in lattice constant between the cap layer and the active layer causes generation 
15 of a large stress in the active layer in contact with the cap layer, and this invites 

deterioration of the active layer. Furthermore, although Mg is typically used as the p-type 
dopant of p-type layers, diffusion of Mg from the p-type layers into the active layer also 
causes deterioration of the active layer. 

Through various experiments, the Inventor has found that these problems can be 

2 0 overcome simultaneously by interposing a nitride HI- V compound semiconductor layer 

containing In and Ga, such as InGaN, between the active layer and the cap layer. 

After further researches, the Inventor has also found that, in case a nitride III-V 
compound semiconductor containing In, such as InGaN, is grown while the flow rate of In 
source material is maintained in the same level after growth of the uppermost barrier layer 
25 of the active layer having a multi-quantum well structure, quantity of In can be adequately 
controlled at the growth temperature. Thus, by using it upon growing such a nitride III-V 
compound semiconductor containing In, such as InGaN, since the growth temperature can 
be raised during the growth and the cap layer can therefore be grown at a raised growth 
temperature to improve the crystalline quality, the cap layer can be reduced in thickness or 

3 0 can be even omitted in the ultimate case exclusively from the viewpoint of preventing 

elimination of In from the active layer. 

On the other hand, as to the position where the cap layer should be located in the 
laser structure, namely between the active layer and the p-type clad layer, there still 
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remains room for improvement. Under the situation, the Inventor made efforts to optimize 
the position of the cap layer while taking account of assuring design choice, and has found 
some optimum positions from the viewpoints of improving the crystalline quality of the 
optical guide layer and improving symmetry of intensity distribution of light in far-field 
5 images. Furthermore, the Inventor has found various advantages when the aforementioned 
nitride III-V compound semiconductor layer containing In and Ga, such as InGaN, is 
provided in contact with the active layer in addition to optimizing the position of the cap 
layer. 

Although these expedients were confirmed to be effective in semiconductor lasers, 
10 they must be effective for all semiconductor devices including light emitting diodes and 

electron transporting devices such as transistors as far as they have similar layer structures. 

The present invention has been accomplished as a result of further researches 
progressed by the Inventor from the above-explained knowledge. 

That is, according to the first of the invention to solve the above-indicated issues, 
1 5 there is provided a semiconductor light emitting device comprising: 

an active layer made of a first nitride III-V compound semiconductor containing In 
and Ga; 

an intermediate layer in contact with the active layer and made of a second nitride 
III-V compound semiconductor containing In and Ga and different from the first nitride 
2 0 III-V compound semiconductor; and 

a cap layer in contact with the intermediate layer and made of a third nitride III-V 
compound semiconductor containing Al and Ga. 

According to the second aspect of the invention, there is provided a semiconductor 
light emitting device comprising: 

2 5 an active layer made of a first nitride III-V compound semiconductor containing In 

and Ga; 

an intermediate layer in contact with the active layer and made of a second nitride 
III-V compound semiconductor containing In and Ga and different from the first nitride 
III-V compound semiconductor; and 

3 0 a cap layer in contact with the intermediate layer and made of a fifth nitride III-V 

compound semiconductor containing Ga to be used as an optical guide layer or a clad 
layer. 



According to the third aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an intermediate layer in 
contact with the active layer and made of a second nitride III-V compound semiconductor 
5 containing In and Ga and different from the first nitride III-V compound semiconductor; 
and a cap layer in contact with the intermediate layer and made of a third nitride III-V 
compound semiconductor containing Al and Ga, comprising: 

growing the intermediate layer while raising the growth temperature after growing 
the active layer. 

10 According to the fourth aspect of the invention, there is provided a manufacturing 

method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an intermediate layer in 
contact with the active layer and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; 

1 5 and a cap layer in contact with the intermediate layer and made of a fifth nitride III-V 
compound semiconductor containing Ga to be used as an optical guide layer or a clad 
layer, comprising: 

growing the intermediate layer while raising the growth temperature after growing 
the active layer. 

2 0 According to the fifth aspect of the invention, there is provided a semiconductor 

device comprising: 

a layer made of a first nitride III-V compound semiconductor containing In and 

Ga; 

an intermediate layer in contact with the layer made of the first nitride III-V 

2 5 compound semiconductor, and made of a second nitride III-V compound semiconductor 

containing In and Ga and different from the first nitride III-V compound semiconductor; 
and 

a cap layer in contact with the intermediate layer and made of a third nitride III-V 
compound semiconductor containing Al and Ga. 

3 0 According to the sixth aspect of the invention, there is provided a semiconductor 

device comprising: 

a layer made of a first nitride III-V compound semiconductor containing In and 

Ga; 
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an intermediate layer in contact with the layer made of the first nitride III-V 
compound semiconductor, and made of a second nitride m-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; 
and 

5 a p-type layer in contact with the intermediate layer and made of a third nitride III- 

V compound semiconductor containing Al and Ga. 

According to the seventh aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride IH-V 
compound semiconductor containing In and Ga; an intermediate layer in contact with the 
10 layer made of the first nitride III-V compound semiconductor, and made of a second 

nitride III-V compound semiconductor containing In and Ga and different from the first 
nitride III-V compound semiconductor; and a cap layer in contact with the intermediate 
layer and made of a third nitride III-V compound semiconductor containing Al and Ga, 
comprising: 

1 5 growing the intermediate layer while raising the growth temperature after growing 

the layer made of the first nitride III-V compound semiconductor. 

According to the eighth aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride IB-V 
compound semiconductor containing In and Ga; an intermediate layer in contact with the 

2 0 layer made of the first nitride III-V compound semiconductor, and made of a second 

nitride III-V compound semiconductor containing In and Ga and different from the first 
nitride III-V compound semiconductor; and a p-type layer in contact with the intermediate 
layer and made of a third nitride III-V compound semiconductor containing Al and Ga, 
comprising: 

2 5 growing the intermediate layer while raising the growth temperature after growing 

the layer made of the first nitride III-V compound semiconductor. 

In the present invention, the fist nitride III-V compound semiconductor containing 
In and Ga as well as the second nitride III-V compound semiconductor may additionally 
contain Al or B, for example, as a group III element other than In and Ga, and may contain 

30 As or P as a group V element. The third nitride III-V compound semiconductor containing 
Al and Ga may contain In or B, for example, as a group III element other than Al and Ga, 
and may contain As or P as a group V element. The fourth nitride III-V compound 
semiconductor containing Ga as well as the fifth nitride III-V compound semiconductor 
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may contain In, Al or B, for example, as a group HI other than Ga, and may contain As or 
P, for example, as a group V element. 

The second nitride III-V compound semiconductor composing the intermediate 
layer is typically In x Gai. x N (where 0<x<l). The intermediate layer is typically undoped, 
5 and normally of an n-type. The third III-V compound semiconductor composing the cap 
layer is typically Al y Gai. y N (where 0<y<l). Thickness of the cap layer is preferably equal 
to or more than 2 nm to ensure a sufficient effect by the use of the cap layer. However, if 
the cap layer is excessively thick, the crystalline quality deteriorates in some kinds of 
composition. To prevent it, thickness of the cap layer is preferably limited not to exceed 
10 10 nm. When the device includes the p-type layer in contact with the cap layer and made 
of the fourth nitride III-V compound semiconductor, the fourth ni-V compound 
semiconductor composing the p-type layer may be, for example, GaN or In z Gai_ z N (where 
0<z<l). 

The active layer made of the first nitride III-V compound semiconductor, or the 
15 layer made of the first nitride III-V compound semiconductor, typically has a multi- 
quantum well structure including well layers and barrier layers. In this case, composition 
of In in the intermediate layer is equal to or smaller than the In composition of the barrier 
layers. Various kinds of distribution of the In composition are acceptable. If the 
intermediate layer is grown while the growth temperature is gradually raised, the 
2 0 intermediate layer can be formed to gradually decrease in composition of In toward its 

portion remotest from the active layer or the layer made of the first nitride HI-V compound 
semiconductor. Quantity of In contained in the intermediate layer is typically equal to or 
less than 5xl0 19 cm~ 3 . Thickness of the intermediate layer is determined such that the 
intermediate layer can effectively prevent deterioration of the active layer or the layer 

2 5 made of the first nitride III-V compound semiconductor, in accordance with its 

composition selected. Typically, the thickness is controlled to be equal to or more than 8 
nm, and preferably to be equal to or more than 10 nm. 

The p-type layer composed of the fourth nitride III-V compound semiconductor 
typically contains a quantity of In controlled in the range not less than lxl0 17 cm" 3 and not 

3 0 more than 5xl0 ,9 cm" 3 . 

Any of various kinds of substrates may be used to grow the nitride III-V compound 
semiconductors thereon. For example, a sapphire substrate, SiC substrate, Si substrate, 
GaAs substrate, GaP substrate, GaP substrate, InP substrate, spinel substrate or silicon 
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oxide substrate may be used. A substrate in form of a thick GaN layer or other nitride HI- 
V compound semiconductor can be used as well. 

For growth of the nitride III-V compound semiconductors, any appropriate 
technique such as metal organic chemical vapor deposition (MOCVD), hydride vapor 
5 phase epitaxial growth or halide vapor phase epitaxial growth (HVPE), for example, may 
be used. 

The semiconductor device may be a light emitting device such as a semiconductor 
laser or a light emitting diode, or an electron transporting device such as FET or a 
heteroj unction bipolar transistor. 
10 According to the ninth aspect of the invention, there is provided a semiconductor 

light emitting device comprising: 

an active layer made of a first nitride III-V compound semiconductor containing In 
and Ga; 

an optical guide layer in contact with the active layer and made of a sixth nitride 
1 5 III- V compound semiconductor containing Ga; 

a cap layer in contact with the intermediate layer and made of a third nitride III-V 
compound semiconductor containing Al and Ga; and 

a p-type clad layer in contact with the cap layer and made of a seventh nitride III-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 
2 0 compound semiconductor. 

According to the 10th aspect of the invention, there is provided a semiconductor 
light emitting device comprising: 

an active layer made of a first nitride III-V compound semiconductor containing In 
and Ga; 

2 5 an intermediate layer in contact with the active layer and made of a second nitride 

III-V compound semiconductor containing In and Ga and different from the first nitride 
III-V compound semiconductor; 

an optical guide layer in contact with the intermediate layer and made of a sixth 
nitride III-V compound semiconductor containing Ga; 

3 0 a cap layer in contact with the optical guide layer and made of a third nitride III-V 

compound semiconductor containing Al and Ga; and 
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a p-type clad layer in contact with the cap layer and made of a seventh nitride m-V 
compound semiconductor containing Al and Ga and different from the third nitride IH-V 
compound semiconductor. 

According to the 11th aspect of the invention, there is provided a semiconductor 
5 light emitting device comprising: 

an active layer made of a first nitride m-V compound semiconductor containing In 
and Ga; 

a first optical guide layer in contact with the active layer and made of an eighth 
nitride III-V compound semiconductor containing Ga; 
10 a cap layer in contact with the first optical guide layer and made of a third nitride 

III-V compound semiconductor containing Al and Ga; 

a second optical guide layer in contact with the cap layer and made of a ninth 
nitride III-V compound semiconductor containing Ga; and 

a p-type clad layer in contact with the cap layer and made of a seventh nitride III-V 
1 5 compound semiconductor containing Al and Ga and different from the third nitride III-V 
compound semiconductor. 

According to the 12th aspect of the invention, there is provided a semiconductor 
light emitting device comprising: 

an active layer made of a first nitride III-V compound semiconductor containing In 
2 0 and Ga; 

an intermediate layer in contact with the active layer and made of a second nitride 
III-V compound semiconductor containing In and Ga and different from the first nitride 
III-V compound semiconductor; 

a first optical guide layer in contact with the intermediate layer and made of an 

2 5 eighth nitride III-V compound semiconductor containing Ga; 

a cap layer in contact with the first optical guide layer and made of a third nitride 
III-V compound semiconductor containing Al and Ga; 

a second optical guide layer in contact with the cap layer and made of a ninth 
nitride III-V compound semiconductor containing Ga; and 

3 0 a p-type clad layer in contact with the cap layer and made of a seventh nitride III-V 

compound semiconductor containing Al and Ga and different from the third nitride HI-V 
compound semiconductor. 
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According to the 13th aspect of the invention, there is provided a semiconductor 
light emitting device comprising: 

an active layer made of a first nitride m-V compound semiconductor containing In 
and Ga; 

5 a first optical guide layer in contact with the active layer and made of an eighth 

nitride III-V compound semiconductor containing Ga; 

a cap layer in contact with the first optical guide layer and having a superlattice 
structure in which barrier layers are made of a third nitride III-V compound semiconductor 
containing Al and Ga; 

10 a second optical guide layer in contact with the cap layer and made of a ninth 

nitride III-V compound semiconductor containing Ga; and 

a p-type clad layer in contact with the cap layer and made of a seventh nitride III-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 
compound semiconductor. 
15 According to the 14th aspect of the invention, there is provided a semiconductor 

light emitting device comprising: 

an active layer made of a first nitride III-V compound semiconductor containing In 
and Ga; 

an intermediate layer in contact with the active layer and made of a second nitride 
2 0 III-V compound semiconductor containing In and Ga and different from the first nitride 
III-V compound semiconductor; 

a first optical guide layer in contact with the intermediate layer and made of an 
eighth nitride III-V compound semiconductor containing Ga; 

a cap layer in contact with the first optical guide layer and having a superlattice 

2 5 structure in which barrier layers are made of a third nitride III-V compound semiconductor 

containing Al and Ga; 

a second optical guide layer in contact with the cap layer and made of a ninth 
nitride III-V compound semiconductor containing Ga; and 

a p-type clad layer in contact with the cap layer and made of a seventh nitride III-V 

3 0 compound semiconductor containing Al and Ga and different from the third nitride III-V 

compound semiconductor. 

According to the 15th aspect of the invention, there is provided a semiconductor 
light emitting device comprising: 
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an active layer made of a first nitride III-V compound semiconductor containing In 
and Ga; 

an optical guide layer in contact with the active layer and made of a sixth nitride 
III-V compound semiconductor containing Ga; 
5 a cap layer in contact with the optical guide layer and having a superlattice 

structure in which barrier layers are made of a third nitride III-V compound semiconductor 
containing Al and Ga; and 

a p-type clad layer in contact with the cap layer and made of a seventh nitride III-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 
1 0 compound semiconductor. 

According to the 16th aspect of the invention, there is provided a semiconductor 
light emitting device comprising: 

an active layer made of a first nitride III-V compound semiconductor containing In 
and Ga; 

15 an intermediate layer in contact with the active layer and made of a second nitride 

III-V compound semiconductor containing In and Ga and different from the first nitride 

III-V compound semiconductor; 

an optical guide layer in contact with the intermediate layer and made of a sixth 

nitride III-V compound semiconductor containing Ga; 
2 0 a cap layer in contact with the optical guide layer and having a superlattice 

structure in which barrier layers are made of the third nitride III-V compound 

semiconductor containing Al and Ga; and 

a p-type clad layer in contact with the cap layer and made of a seventh nitride III-V 

compound semiconductor containing Al and Ga and different from the third nitride III-V 

2 5 compound semiconductor. 

According to the 17th aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an optical guide layer in 
contact with the active layer and made of a sixth nitride III-V compound semiconductor 

3 0 containing Ga; a cap layer in contact with the optical guide layer and made of a third 

nitride III-V compound semiconductor containing Al and Ga; and a p-type clad layer in 
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contact with the cap layer and made of a seventh nitride m-V compound semiconductor 
containing Al and Ga and different from the third nitride m-V compound semiconductor, 
comprising: 

growing the active layer, the optical guide layer and the cap layer in a carrier gas 
5 atmosphere containing substantially no hydrogen and containing nitrogen as the major 
component thereof; and 

growing the p-type clad layer in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 

According to the 18th aspect of the invention, there is provided a manufacturing 
1 0 method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an optical guide layer in 
contact with the active layer and made of a sixth nitride IQ-V compound semiconductor 
containing Ga; a cap layer in contact with the optical guide layer and made of a third 
nitride III-V compound semiconductor containing Al and Ga; and a p-type clad layer in 
15 contact with the cap layer and made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride III-V compound semiconductor, 
comprising: 

growing the active layer, the optical guide layer and the cap layer at a growth 
temperature lower than the growth temperature of the p-type clad layer. 
2 0 According to the 19th aspect of the invention, there is provided a manufacturing 

method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an intermediate layer in 
contact with the active layer and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; 

2 5 an optical guide layer in contact with the intermediate layer and made of a sixth nitride III- 

V compound semiconductor containing Ga; a cap layer in contact with the optical guide 
layer and made of a third nitride III-V compound semiconductor containing Al and Ga; 
and a p-type clad layer in contact with the cap layer and made of a seventh nitride III-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 

3 0 compound semiconductor, comprising: 

growing the active layer, the intermediate layer, the optical guide layer and the cap 
layer in a carrier gas atmosphere containing substantially no hydrogen and containing 
nitrogen as the major component thereof; and 



growing the p-type clad layer in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 

According to the 20th aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
5 nitride III-V compound semiconductor containing In and Ga; an intermediate layer in 

contact with the active layer and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; 
an optical guide layer in contact with the intermediate layer and made of a sixth nitride III- 
V compound semiconductor containing Ga; a cap layer in contact with the optical guide 
1 0 layer and made of a third nitride III-V compound semiconductor containing Al and Ga; 

and a p-type clad layer in contact with the cap layer and made of a seventh nitride EI-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 
compound semiconductor, comprising: 

growing the active layer, the intermediate layer, the optical guide layer and the cap 
1 5 layer at a growth temperature lower than the growth temperature of the p-type clad layer. 

Typically, the active layer and the intermediate layer are grown under a growth 
temperature lower than that of the optical guide layer and the cap layer. 

According to the 21st aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
2 0 nitride III-V compound semiconductor containing In and Ga; a first optical guide layer in 
contact with the active layer and made of an eighth nitride III-V compound semiconductor 
containing Ga; a cap layer in contact with the first optical guide layer and made of a third 
nitride III-V compound semiconductor containing Al and Ga; a second optical guide layer 
in contact with the cap layer and made of a ninth nitride III-V compound semiconductor 

2 5 containing Ga; and a p-type clad layer in contact with the second optical guide layer and 

made of a seventh nitride III-V compound semiconductor containing Al and Ga and 
different from the third nitride III-V compound semiconductor, comprising: 

growing the active layer, the first optical guide layer and the cap layer in a carrier 
gas atmosphere containing substantially no hydrogen and containing nitrogen as the major 

3 0 component thereof; and 

growing the second optical guide layer and the p-type clad layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as major components thereof. 



According to the 22nd aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; a first optical guide layer in 
contact with the active layer and made of an eighth nitride III-V compound semiconductor 
5 containing Ga; a cap layer in contact with the first optical guide layer and made of a third 
nitride III-V compound semiconductor containing Al and Ga; a second optical guide layer 
in contact with the cap layer and made of a ninth nitride III-V compound semiconductor 
containing Ga; and a p-type clad layer in contact with the second optical guide layer and 
made of a seventh nitride III-V compound semiconductor containing Al and Ga and 
10 different from the third nitride III-V compound semiconductor, comprising: 

growing the active layer, the first optical guide layer and the cap layer at a growth 
temperature lower than the growth temperature of the second optical guide layer and the p- 
type clad layer. 

According to the 23rd aspect of the invention, there is provided a manufacturing 
15 method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an intermediate layer in 
contact with the active layer and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; a 
first optical guide layer in contact with the intermediate layer and made of an eighth 
2 0 nitride III-V compound semiconductor containing Ga; a cap layer in contact with the first 
optical guide layer and made of a third nitride III-V compound semiconductor containing 
Al and Ga; a second optical guide layer in contact with the cap layer and made of a ninth 
nitride III-V compound semiconductor containing Ga; and a p-type clad layer in contact 
with the second optical guide layer and made of a seventh nitride III-V compound 

2 5 semiconductor containing Al and Ga and different from the third nitride HI-V compound 

semiconductor, comprising: 

growing the active layer, the intermediate layer, the first optical guide layer and the 
cap layer in a carrier gas atmosphere containing substantially no hydrogen and containing 
nitrogen as the major component thereof; and 

3 0 growing the second optical guide layer and the p-type clad layer in a carrier gas 

atmosphere containing nitrogen and hydrogen as major components thereof. 

According to the 24th aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 



nitride III-V compound semiconductor containing In and Ga; an intermediate layer in 
contact with the active layer and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; a 
first optical guide layer in contact with the intermediate layer and made of an eighth 
5 nitride III-V compound semiconductor containing Ga; a cap layer in contact with the first 
optical guide layer and made of a third nitride III-V compound semiconductor containing 
Al and Ga; a second optical guide layer in contact with the cap layer and made of a ninth 
nitride III-V compound semiconductor containing Ga; and a p-type clad layer in contact 
with the second optical guide layer and made of a seventh nitride III-V compound 

10 semiconductor containing Al and Ga and different from the third nitride III-V compound 
semiconductor, comprising: 

growing the active layer, the intermediate layer, the first optical guide layer and the 
cap layer at a growth temperature lower than the growth temperature of the second optical 
guide layer and the p-type clad layer. 

15 Typically, the active layer is grown under a growth temperature lower than that of 

intermediate layer, first optical guide layer and cap layer. 

According to the 25th aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; a first optical guide layer in 

2 0 contact with the active layer and made of an eighth nitride III-V compound semiconductor 
containing Ga; a cap layer in contact with the first optical guide layer and having a 
superlattice structure in which barrier layers are made of a third nitride III-V compound 
semiconductor containing Al and Ga; a second optical guide layer in contact with the cap 
layer and made of a ninth nitride III-V compound semiconductor containing Ga; and a p- 

2 5 type clad layer in contact with the second optical guide layer and made of a seventh nitride 

III-V compound semiconductor containing Al and Ga and different from the third nitride 
III-V compound semiconductor, comprising: 

growing the active layer, the first optical guide layer and the cap layer in a carrier 
gas atmosphere containing substantially no hydrogen and containing nitrogen as the major 

3 0 component thereof; and 

growing the second optical guide layer and the p-type clad layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as major components thereof. 
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According to the 26th aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; a first optical guide layer in 
contact with the active layer and made of an eighth nitride III-V compound semiconductor 
5 containing Ga; a cap layer in contact with the first optical guide layer and having a 

superlattice structure in which barrier layers are made of a third nitride III-V compound 
semiconductor containing Al and Ga; a second optical guide layer in contact with the cap 
layer and made of a ninth nitride III-V compound semiconductor containing Ga; and a p- 
type clad layer in contact with the second optical guide layer and made of a seventh nitride 
1 0 III-V compound semiconductor containing Al and Ga and different from the third nitride 
III-V compound semiconductor, comprising: 

growing the active layer, the first optical guide layer and the cap layer at a growth 
temperature lower than the growth temperature of the second optical guide layer and the p- 
type clad layer. 

15 According to the 27th aspect of the invention, there is provided a manufacturing 

method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an intermediate layer in 
contact with the active layer and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; a 

2 0 first optical guide layer in contact with the intermediate layer and made of an eighth 

nitride III-V compound semiconductor containing Ga; a cap layer in contact with the first 
optical guide layer and having a superlattice structure in which barrier layers are made of a 
third nitride III-V compound semiconductor containing Al and Ga; a second optical guide 
layer in contact with the cap layer and made of a ninth nitride III-V compound 

2 5 semiconductor containing Ga; and a p-type clad layer in contact with the second optical 

guide layer and made of a seventh nitride III-V compound semiconductor containing Al 
and Ga and different from the third nitride III-V compound semiconductor, comprising: 

growing the active layer, the intermediate layer, the first optical guide layer and the 
cap layer in a carrier gas atmosphere containing substantially no hydrogen and containing 

3 0 nitrogen as the major component thereof; and 

growing the second optical guide layer and the p-type clad layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as major components thereof. 
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According to the 28th aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
nitride IH-V compound semiconductor containing In and Ga; an intermediate layer in 
contact with the active layer and made of a second nitride IH-V compound semiconductor 
5 containing In and Ga and different from the first nitride IH-V compound semiconductor; a 
first optical guide layer in contact with the intermediate layer and made of an eighth 
nitride III-V compound semiconductor containing Ga; a cap layer in contact with the first 
optical guide layer and having a superlattice structure in which barrier layers are made of a 
third nitride III-V compound semiconductor containing Al and Ga; a second optical guide 
1 0 layer in contact with the cap layer and made of a ninth nitride III-V compound 

semiconductor containing Ga; and a p-type clad layer in contact with the second optical 
guide layer and made of a seventh nitride III-V compound semiconductor containing Al 
and Ga and different from the third nitride III-V compound semiconductor, comprising: 

growing the active layer, the intermediate layer, the first optical guide layer and the 
1 5 cap layer at a growth temperature lower than the growth temperature of the second optical 
guide layer and the p-type clad layer. 

Typically, the active layer and the intermediate layer are grown under a growth 
temperature lower than that of the optical guide layer and the cap layer. 

According to the 29th aspect of the invention, there is provided a manufacturing 
2 0 method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an optical guide layer in 
contact with the active layer and made of a sixth nitride III-V compound semiconductor 
containing Ga; a cap layer in contact with the optical guide layer and having a superlattice 
structure in which barrier layers are made of a third nitride III-V compound semiconductor 

2 5 containing Al and Ga; and a p-type clad layer in contact with the cap layer and made of a 

seventh nitride III-V compound semiconductor containing Al and Ga and different from 
the third nitride III-V compound semiconductor, comprising: 

growing the active layer, the optical guide layer and the cap layer in a carrier gas 
atmosphere containing substantially no hydrogen and containing nitrogen as the major 

3 0 component thereof; and 

growing the p-type clad layer in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 
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According to the 30th aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an optical guide layer in 
contact with the active layer and made of a sixth nitride IH-V compound semiconductor 
5 containing Ga; a cap layer in contact with the optical guide layer and having a superlattice 
structure in which barrier layers are made of a third nitride III-V compound semiconductor 
containing Al and Ga; and a p-type clad layer in contact with the cap layer and made of a 
seventh nitride III-V compound semiconductor containing Al and Ga and different from 
the third nitride III-V compound semiconductor, comprising: 

10 growing the active layer, the optical guide layer and the cap layer at a growth 

temperature lower than the growth temperature of the p-type clad layer. 

According to the 31st aspect of the invention, there is provided a manufacturing 
method of a semiconductor light emitting device including an active layer made of a first 
nitride III-V compound semiconductor containing In and Ga; an intermediate layer in 

15 contact with the active layer and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; 
an optical guide layer in contact with the intermediate layer and made of a sixth nitride III- 
V compound semiconductor containing Ga; a cap layer in contact with the optical guide 
layer and having a superlattice structure in which barrier layers are made of the third 

2 0 nitride III-V compound semiconductor containing Al and Ga; and a p-type clad layer in 
contact with the cap layer and made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride III-V compound semiconductor, 
comprising: 

growing the active layer, the intermediate layer, the optical guide layer and the cap 

2 5 layer in a carrier gas atmosphere containing substantially no hydrogen and containing 

nitrogen as the major component thereof; and 

growing the p-type clad layer in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 

According to the 32nd aspect of the invention, there is provided a manufacturing 

3 0 method of a semiconductor light emitting device including an active layer made of a first 

nitride III-V compound semiconductor containing In and Ga; an intermediate layer in 
contact with the active layer and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; 
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an optical guide layer in contact with the intermediate layer and made of a sixth nitride HI- 
V compound semiconductor containing Ga; a cap layer in contact with the optical guide 
layer and having a superlattice structure in which barrier layers are made of the third 
nitride IH-V compound semiconductor containing Al and Ga; and a p-type clad layer in 
5 contact with the cap layer and made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride III-V compound semiconductor, 
comprising: 

growing the active layer, the intermediate layer, the optical guide layer and the cap 
layer at a growth temperature lower than the growth temperature of the p-type clad layer. 
10 Typically, the active layer and the intermediate layer are grown under a growth 

temperature lower than that of the optical guide layer and the cap layer. 

According to the 33rd aspect of the invention, there is provided a semiconductor 
device comprising: 

a layer made of a first nitride III-V compound semiconductor containing In and 

15 Ga; 

a layer in contact with the layer made of the first nitride III-V compound 
semiconductor, and made of a sixth nitride III-V compound semiconductor containing Ga; 

a cap layer in contact with the layer made of the sixth nitride III-V compound 
semiconductor, and made of a third nitride III-V compound semiconductor containing Al 
2 0 and Ga; and 

a p-type layer in contact with the cap layer and made of a seventh nitride III-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 
compound semiconductor. 

According to the 34th aspect of the invention, there is provided a semiconductor 

2 5 device comprising: 

a layer made of a first nitride IH-V compound semiconductor containing In and 

Ga; 

an intermediate layer in contact with the layer made of the first nitride III-V 
compound semiconductor, and made of a second nitride III-V compound semiconductor 

3 0 containing In and Ga and different from the first nitride III-V compound semiconductor; 

a layer in contact with the intermediate layer and made of a sixth nitride HI-V 
compound semiconductor containing Ga; 
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a cap layer in contact with the layer made of the sixth nitride III-V compound 
semiconductor, and made of a third nitride HI-V compound semiconductor containing Al 
and Ga; and 

a p-type layer in contact with the cap layer and made of a seventh nitride III-V 
5 compound semiconductor containing Al and Ga and different from the third nitride III-V 
compound semiconductor. 

According to the 35th aspect of the invention, there is provided a semiconductor 
device comprising: 

a layer made of a first nitride III-V compound semiconductor containing In and 

10 Ga; 

a layer in contact with the layer made of the first nitride III-V compound 
semiconductor, and made of an eighth nitride III-V compound semiconductor containing 
Ga; 

a cap layer in contact with the layer made of the eighth nitride III-V compound 
15 semiconductor, and made of a third nitride III-V compound semiconductor containing Al 
and Ga; 

a layer in contact with the cap layer and made of a ninth nitride III-V compound 
semiconductor containing Ga; and 

a p-type layer in contact with the layer made of the ninth nitride III-V compound 

2 0 semiconductor, and made of a seventh nitride III-V compound semiconductor containing 

Al and Ga and different from the third nitride III-V compound semiconductor. 

According to the 36th aspect of the invention, there is provided a semiconductor 
device comprising: 

a layer made of a first nitride III-V compound semiconductor containing In and 

25 Ga; 

an intermediate layer in contact with the layer made of the first nitride III-V 
compound semiconductor, and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; 

a layer in contact with the intermediate layer and made of an eighth nitride III-V 

3 0 compound semiconductor containing Ga; 

a cap layer in contact with the layer made of the eighth nitride IH-V compound 
semiconductor, and made of a third nitride III-V compound semiconductor containing Al 
and Ga; 
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a layer in contact with the cap layer and made of a ninth nitride ID-V compound 
semiconductor containing Ga; and 

a p-type layer in contact with the layer made of the ninth nitride III-V compound 
semiconductor, and made of a seventh nitride III-V compound semiconductor containing 
5 Al and Ga and different from the third nitride III-V compound semiconductor. 

According to the 37th aspect of the invention, there is provided a semiconductor 
device comprising: 

a layer made of a first nitride III-V compound semiconductor containing In and 

Ga; 

10 a layer in contact with the layer made of the first nitride III-V compound 

semiconductor, and made of an eighth nitride III-V compound semiconductor containing 
Ga; 

a cap layer in contact with the layer made of the eighth nitride III-V compound 
semiconductor, and having a superlattice structure in which barrier layers are made of a 
1 5 third nitride III-V compound semiconductor containing Al and Ga; 

a layer in contact with the cap layer and made of a ninth nitride III-V compound 
semiconductor containing Ga; and 

a p-type layer in contact with the layer made of the ninth nitride III-V compound 
semiconductor, and made of a seventh nitride III-V compound semiconductor containing 
2 0 Al and Ga and different from the third nitride III-V compound semiconductor. 

According to the 38th aspect of the invention, there is provided a semiconductor 
device comprising: 

a layer made of a first nitride III-V compound semiconductor containing In and 

Ga; 

2 5 an intermediate layer in contact with the layer made of the first nitride III-V 

compound semiconductor, and made of a second nitride III-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; 

a layer in contact with the intermediate layer and made of an eighth nitride III-V 
compound semiconductor containing Ga; 

30 a cap layer in contact with the layer made of the eighth nitride III-V compound 

semiconductor, and having a superlattice structure in which barrier layers are made of a 
third nitride III-V compound semiconductor containing Al and Ga; 
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a layer in contact with the cap layer and made of a ninth nitride III-V compound 
semiconductor containing Ga; and 

a p-type clad layer in contact with the layer made of the ninth nitride III-V 
compound semiconductor, and made of a seventh nitride III-V compound semiconductor 
5 containing Al and Ga and different from the third nitride III-V compound semiconductor. 

According to the 39th aspect of the invention, there is provided a semiconductor 
device comprising: 

a layer made of a first nitride III-V compound semiconductor containing In and 

Ga; 

10 a layer in contact with the layer made of the first nitride III-V compound 

semiconductor, and made of a sixth nitride III-V compound semiconductor containing Ga; 

a cap layer in contact with the layer made of the sixth nitride m-V compound 
semiconductor, and having a superlattice structure in which barrier layers are made of a 
third nitride III-V compound semiconductor containing Al and Ga; and 

15 a p-type layer in contact with the cap layer and made of a seventh nitride III-V 

compound semiconductor containing Al and Ga and different from the third nitride IH-V 
compound semiconductor. 

According to the 40th aspect of the invention, there is provided a semiconductor 
device comprising: 

2 0 a layer made of a first nitride III-V compound semiconductor containing In and 

Ga; 

an intermediate layer in contact with the layer made of the first nitride III-V 
compound semiconductor, and made of a second nitride ni-V compound semiconductor 
containing In and Ga and different from the first nitride III-V compound semiconductor; 

2 5 a layer in contact with the intermediate layer and made of a sixth nitride m-V 

compound semiconductor containing Ga; 

a cap layer in contact with the layer made of the sixth nitride III-V compound 
semiconductor, and having a superlattice structure in which barrier layers are made of the 
third nitride III-V compound semiconductor containing Al and Ga; and 

3 0 a p-type clad layer in contact with the cap layer and made of a seventh nitride III-V 

compound semiconductor containing Al and Ga and different from the third nitride III-V 
compound semiconductor. 
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According to the 41st aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride IE- V 
compound semiconductor containing In and Ga; a layer in contact with the layer made of 
the first nitride III-V compound semiconductor, and made of a sixth nitride III-V 
5 compound semiconductor containing Ga; a cap layer in contact with the layer made of the 
sixth nitride III-V compound semiconductor, and made of a third nitride III-V compound 
semiconductor containing Al and Ga; and a p-type layer in contact with the cap layer and 
made of a seventh nitride III-V compound semiconductor containing Al and Ga and 
different from the third nitride III-V compound semiconductor, comprising: 
10 growing the layer made of the first nitride III-V compound semiconductor, the 

layer made of the sixth nitride III-V compound semiconductor and the cap layer in a 
carrier gas atmosphere containing substantially no hydrogen and containing nitrogen as the 
major component thereof; and 

growing the p-type layer in a carrier gas atmosphere containing nitrogen and 
1 5 hydrogen as major components thereof. 

According to the 42nd aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 
compound semiconductor containing In and Ga; a layer in contact with the layer made of 
the first nitride III-V compound semiconductor, and made of a sixth nitride III-V 

2 0 compound semiconductor containing Ga; a cap layer in contact with the layer made of the 

sixth nitride III-V compound semiconductor, and made of a third nitride III-V compound 
semiconductor containing Al and Ga; and a p-type layer in contact with the cap layer and 
made of a seventh nitride III-V compound semiconductor containing Al and Ga and 
different from the third nitride III-V compound semiconductor, comprising: 
25 growing the layer made of the first nitride III-V compound semiconductor, the 

layer made of the sixth nitride III-V compound semiconductor and the cap layer at a 
growth temperature lower than the growth temperature of the p-type layer. 

According to the 43rd aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 

3 0 compound semiconductor containing In and Ga; an intermediate layer in contact with the 

layer made of the first nitride III-V compound semiconductor, and made of a second 
nitride III-V compound semiconductor containing In and Ga and different from the first 
nitride III-V compound semiconductor; a layer in contact with the intermediate layer and 



made of a sixth nitride III-V compound semiconductor containing Ga; a cap layer in 
contact with the layer made of the sixth nitride m-V compound semiconductor, and made 
of a third nitride III-V compound semiconductor containing Al and Ga; and a p-type layer 
in contact with the cap layer and made of a seventh nitride III-V compound semiconductor 
5 containing Al and Ga and different from the third nitride m-V compound semiconductor, 
comprising: 

growing the layer made of the first nitride IH-V compound semiconductor, the 
intermediate layer, the layer made of the sixth nitride III-V compound semiconductor and 
the cap layer in a carrier gas atmosphere containing substantially no hydrogen and 

10 containing nitrogen as the major component thereof; and 

growing the p-type layer in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 

According to the 44th aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 

15 compound semiconductor containing In and Ga; an intermediate layer in contact with the 
layer made of the first nitride III-V compound semiconductor, and made of a second 
nitride III-V compound semiconductor containing In and Ga and different from the first 
nitride III-V compound semiconductor; a layer in contact with the intermediate layer and 
made of a sixth nitride IH-V compound semiconductor containing Ga; a cap layer in 

2 0 contact with the layer made of the sixth nitride III-V compound semiconductor, and made 
of a third nitride III-V compound semiconductor containing Al and Ga; and a p-type layer 
in contact with the cap layer and made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride III-V compound semiconductor, 
comprising: 

2 5 growing the layer made of the first nitride III-V compound semiconductor, the 

intermediate layer, the layer made of the sixth nitride ni-V compound semiconductor and 
the cap layer at a growth temperature lower than the growth temperature of the p-type clad 
layer. 

Typically, the layer made of the first nitride III-V compound semiconductor and 

3 0 the intermediate layer are grown under a growth temperature lower than that of the layer 

made of the sixth nitride III-V compound semiconductor and the cap layer. 

According to the 45th aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 



compound semiconductor containing In and Ga; a layer in contact with the layer made of 
the first nitride III-V compound semiconductor, and made of an eighth nitride m-V 
compound semiconductor containing Ga; a cap layer in contact with the layer made of the 
eighth nitride III-V compound semiconductor, and made of a third nitride III-V compound 
5 semiconductor containing Al and Ga; a layer in contact with the cap layer and made of a 
ninth nitride ni-V compound semiconductor containing Ga; and a p-type layer in contact 
with the layer made of the ninth nitride III-V compound semiconductor, and made of a 
seventh nitride III-V compound semiconductor containing Al and Ga and different from 
the third nitride III-V compound semiconductor, comprising: 

10 growing the layer made of the first nitride III-V compound semiconductor, the 

layer made of the eighth nitride IH-V compound semiconductor and the cap layer in a 
carrier gas atmosphere containing substantially no hydrogen and containing nitrogen as the 
major component thereof; and 

growing the layer made of the ninth nitride III-V compound semiconductor and the 

15 P-type layer in a carrier gas atmosphere containing nitrogen and hydrogen as major 
components thereof. 

According to the 46th aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 
compound semiconductor containing In and Ga; a layer in contact with the layer made of 

2 0 the first nitride III-V compound semiconductor, and made of an eighth nitride III-V 

compound semiconductor containing Ga; a cap layer in contact with the layer made of the 
eighth nitride III-V compound semiconductor, and made of a third nitride III-V compound 
semiconductor containing Al and Ga; a layer in contact with the cap layer and made of a 
ninth nitride III-V compound semiconductor containing Ga; and a p-type layer in contact 

2 5 with the layer made of the ninth nitride III-V compound semiconductor, and made of a 

seventh nitride III-V compound semiconductor containing Al and Ga and different from 
the third nitride III-V compound semiconductor, comprising: 

growing the layer made of the first nitride III-V compound semiconductor, the 
layer made of the eighth nitride III-V compound semiconductor and the cap layer at a 

3 0 growth temperature lower than the growth temperature of the layer made of the ninth 

nitride IH-V compound semiconductor and the p-type layer. 

According to the 47th aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride IH-V 
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compound semiconductor containing In and Ga; an intermediate layer in contact with the 
layer made of the first nitride III-V compound semiconductor, and made of a second 
nitride III-V compound semiconductor containing In and Ga and different from the first 
nitride III-V compound semiconductor; a layer in contact with the intermediate layer and 
5 made of an eighth nitride III-V compound semiconductor containing Ga; a cap layer in 
contact with the layer made of the eighth nitride III-V compound semiconductor, and 
made of a third nitride III-V compound semiconductor containing Al and Ga; a layer in 
contact with the cap layer and made of a ninth nitride III-V compound semiconductor 
containing Ga; and a p-type layer in contact with the layer made of the ninth nitride III-V 
1 0 compound semiconductor, and made of a seventh nitride III-V compound semiconductor 
containing AI and Ga and different from the third nitride III-V compound semiconductor, 
comprising: 

growing the layer made of the first nitride III-V compound semiconductor, the 
intermediate layer, the layer made of the eighth nitride III-V compound semiconductor and 
15 the cap layer in a carrier gas atmosphere containing substantially no hydrogen and 
containing nitrogen as the major component thereof; and 

growing the layer made of the ninth nitride III-V compound semiconductor and the 
p-type layer in a carrier gas atmosphere containing nitrogen and hydrogen as major 
components thereof. 

2 0 According to the 48th aspect of the invention, there is provided a manufacturing 

method of a semiconductor device including a layer made of a first nitride III-V 
compound semiconductor containing In and Ga; an intermediate layer in contact with the 
layer made of the first nitride III-V compound semiconductor, and made of a second 
nitride III-V compound semiconductor containing In and Ga and different from the first 

2 5 nitride III-V compound semiconductor; a layer in contact with the intermediate layer and 

made of an eighth nitride III-V compound semiconductor containing Ga; a cap layer in 
contact with the layer made of the eighth nitride III-V compound semiconductor, and 
made of a third nitride III-V compound semiconductor containing Al and Ga; a layer in 
contact with the cap layer and made of a ninth nitride III-V compound semiconductor 

3 0 containing Ga; and a p-type layer in contact with the layer made of the ninth nitride III-V 

compound semiconductor, and made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride III-V compound semiconductor, 
comprising: 
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growing the layer made of the first nitride M-V compound semiconductor, the 
intermediate layer, the layer made of the eighth nitride m-V compound semiconductor and 
the cap layer at a growth temperature lower than the growth temperature of the layer made 
of the ninth nitride III-V compound semiconductor and the p-type clad layer. 
5 Typically, the layer made of the first nitride III-V compound semiconductor is 

grown under a growth temperature lower than that of the intermediate layer and the layer 
made of the eighth nitride III-V compound semiconductor. 

According to the 49th aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 

10 compound semiconductor containing In and Ga; a layer in contact with the layer made of 
the first nitride III-V compound semiconductor, and made of an eighth nitride III-V 
compound semiconductor containing Ga; a cap layer in contact with the layer made of the 
eighth nitride III-V compound semiconductor, and having a superlattice structure in which 
barrier layers are made of a third nitride III-V compound semiconductor containing Al and 

1 5 Ga; a layer in contact with the cap layer and made of a ninth nitride III-V compound 
semiconductor containing Ga; and a p-type layer in contact with the layer made of the 
ninth nitride IQ-V compound semiconductor, and made of a seventh nitride III-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 
compound semiconductor, comprising: 

2 0 growing the layer made of the first nitride III-V compound semiconductor, the 

layer made of the eighth nitride III-V compound semiconductor and the cap layer in a 
carrier gas atmosphere containing substantially no hydrogen and containing nitrogen as the 
major component thereof; and 

growing the layer made of the ninth nitride III-V compound semiconductor and the 

2 5 p-type layer in a carrier gas atmosphere containing nitrogen and hydrogen as major 

components thereof. 

According to the 50th aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 
compound semiconductor containing In and Ga; a layer in contact with the layer made of 

3 0 the first nitride III-V compound semiconductor, and made of an eighth nitride III-V 

compound semiconductor containing Ga; a cap layer in contact with the layer made of the 
eighth nitride III-V compound semiconductor, and having a superlattice structure in which 
barrier layers are made of a third nitride III-V compound semiconductor containing Al and 
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Ga; a layer in contact with the cap layer and made of a ninth nitride IQ-V compound 
semiconductor containing Ga; and a p-type layer in contact with the layer made of the 
ninth nitride IQ-V compound semiconductor, and made of a seventh nitride III-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 
5 compound semiconductor, comprising: 

growing the layer made of the first nitride III-V compound semiconductor, the 
layer made of the eighth nitride III-V compound semiconductor and the cap layer at a 
growth temperature lower than the growth temperature of the layer made of the ninth 
nitride III-V compound semiconductor and the p-type clad layer. 

10 According to the 51st aspect of the invention, there is provided a manufacturing 

method of a semiconductor device including a layer made of a first nitride III-V 
compound semiconductor containing In and Ga; an intermediate layer in contact with the 
layer made of the first nitride III-V compound semiconductor, and made of a second 
nitride III-V compound semiconductor containing In and Ga and different from the first 

15 nitride III-V compound semiconductor; a layer in contact with the intermediate layer and 
made of an eighth nitride III-V compound semiconductor containing Ga; a cap layer in 
contact with the layer made of the eighth nitride III-V compound semiconductor, and 
having a superlattice structure in which barrier layers are made of a third nitride III-V 
compound semiconductor containing Al and Ga; a layer in contact with the cap layer and 

2 0 made of a ninth nitride III-V compound semiconductor containing Ga; and a p-type layer 
in contact with the layer made of a ninth nitride III-V compound semiconductor, and made 
of a seventh nitride III-V compound semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconductor, comprising: 

growing the layer made of the first nitride IQ-V compound semiconductor, the 

2 5 intermediate layer, the layer made of the eighth nitride III-V compound semiconductor and 

the cap layer in a carrier gas atmosphere containing substantially no hydrogen and 
containing nitrogen as the major component thereof; and 

growing the layer made of the ninth nitride III-V compound semiconductor and the 
p-type layer in a carrier gas atmosphere containing nitrogen and hydrogen as major 

3 0 components thereof. 

According to the 52nd aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 
compound semiconductor containing In and Ga; an intermediate layer in contact with the 



28 



layer made of the first nitride III-V compound semiconductor, and made of a second 
nitride III-V compound semiconductor containing In and Ga and different from the first 
nitride III-V compound semiconductor; a layer in contact with the intermediate layer and 
made of an eighth nitride III-V compound semiconductor containing Ga; a cap layer in 
5 contact with the layer made of the eighth nitride III-V compound semiconductor, and 
having a superlattice structure in which barrier layers are made of a third nitride III-V 
compound semiconductor containing Al and Ga; a layer in contact with the cap layer and 
made of a ninth nitride III-V compound semiconductor containing Ga; and a p-type layer 
in contact with the layer made of a ninth nitride III-V compound semiconductor, and made 

10 of a seventh nitride III-V compound semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconductor, comprising: 

growing the layer made of the first nitride III-V compound semiconductor, the 
intermediate layer, the layer made of the eighth nitride III-V compound semiconductor and 
the cap layer at a growth temperature lower than the growth temperature of the layer made 

15 of the ninth nitride IQ-V compound semiconductor and the p-type clad layer. 

Typically, the layer made of the first nitride III-V compound semiconductor and 
the intermediate layer are grown under a growth temperature lower than that of the layer 
made of the eighth nitride III-V compound semiconductor and the cap layer. 

According to the 53rd aspect of the invention, there is provided a manufacturing 

2 0 method of a semiconductor device including a layer made of a first nitride III-V 

compound semiconductor containing In and Ga; a layer in contact with the layer made of 
the first nitride III-V compound semiconductor, and made of a sixth nitride III-V 
compound semiconductor containing Ga; a cap layer in contact with the layer made of the 
sixth nitride III-V compound semiconductor, and having a superlattice structure in which 

2 5 barrier layers are made of a third nitride III-V compound semiconductor containing Al and 

Ga; and a p-type layer in contact with the cap layer and made of a seventh nitride III-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 
compound semiconductor, comprising: 

growing the layer made of the first nitride m-V compound semiconductor, the 

3 0 layer made of the sixth nitride III-V compound semiconductor and the cap layer in a 

carrier gas atmosphere containing substantially no hydrogen and containing nitrogen as the 
major component thereof; and 
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growing the p-type layer in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 

According to the 54th aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 
5 compound semiconductor containing In and Ga; a layer in contact with the layer made of 
the first nitride III-V compound semiconductor, and made of a sixth nitride M-V 
compound semiconductor containing Ga; a cap layer in contact with the layer made of the 
sixth nitride III-V compound semiconductor, and having a superlattice structure in which 
barrier layers are made of a third nitride III-V compound semiconductor containing Al and 
1 0 Ga; and a p-type layer in contact with the cap layer and made of a seventh nitride III-V 
compound semiconductor containing Al and Ga and different from the third nitride III-V 
compound semiconductor, comprising: 

growing the layer made of the first nitride III-V compound semiconductor, the 
layer made of the sixth nitride III-V compound semiconductor and the cap layer at a 
1 5 growth temperature lower than the growth temperature of the p-type layer. 

According to the 55th aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 
compound semiconductor containing In and Ga; an intermediate layer in contact with the 
layer made of the first nitride III-V compound semiconductor, and made of a second 
2 0 nitride III-V compound semiconductor containing In and Ga and different from the first 
nitride III-V compound semiconductor; a layer in contact with the intermediate layer and 
made of a sixth nitride IQ-V compound semiconductor containing Ga; a cap layer in 
contact with the layer made of the sixth nitride III-V compound semiconductor, and 
having a superlattice structure in which barrier layers are made of the third nitride III-V 

2 5 compound semiconductor containing Al and Ga; and a p-type layer in contact with the cap 

layer and made of a seventh nitride III-V compound semiconductor containing Al and Ga 
and different from the third nitride III-V compound semiconductor, comprising: 

growing the layer made of the first nitride III-V compound semiconductor, the 
intermediate layer, the layer made of the sixth nitride III-V compound semiconductor and 

3 0 the cap layer in a carrier gas atmosphere containing substantially no hydrogen and 

containing nitrogen as the major component thereof; and 

growing the p-type layer in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 
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According to the 56th aspect of the invention, there is provided a manufacturing 
method of a semiconductor device including a layer made of a first nitride III-V 
compound semiconductor containing In and Ga; an intermediate layer in contact with the 
layer made of the first nitride III-V compound semiconductor, and made of a second 
5 nitride III-V compound semiconductor containing In and Ga and different from the first 
nitride III-V compound semiconductor; a layer in contact with the intermediate layer and 
made of a sixth nitride III-V compound semiconductor containing Ga; a cap layer in 
contact with the layer made of the sixth nitride III-V compound semiconductor, and 
having a superlattice structure in which barrier layers are made of the third nitride III-V 

10 compound semiconductor containing Al and Ga; and a p-type layer in contact with the cap 
layer and made of a seventh nitride III-V compound semiconductor containing Al and Ga 
and different from the third nitride III-V compound semiconductor, comprising: 

growing the layer made of the first nitride III-V compound semiconductor, the 
intermediate layer, the layer made of the sixth nitride III-V compound semiconductor and 

1 5 the cap layer at a growth temperature lower than the growth temperature of the p-type 
layer. 

Typically, the layer made of the first nitride III-V compound semiconductor and 
the intermediate layer are grown under a growth temperature lower than that of the layer 
made of the sixth nitride III-V compound semiconductor and the cap layer. 
2 0 In the 9th to 56th aspects of the invention, the sixth nitride III-V compound 

semiconductor containing Ga, eighth nitride III-V compound semiconductor and ninth 
nitride III-V compound semiconductor layer may contain In, Al or B, for example, as a 
group III element other than Ga, and may contain As or P as a group V element. The 
seventh nitride III-V compound semiconductor containing Al and Ga may contain In, or B, 

2 5 for example, as a group HI element other than Al and Ga, and may contain As or P as a 

group V element. 

In the 9th to 56th aspects of the invention, the band gap of the cap layer is typically 
larger than the band gap of the p-type clad layer or the p-type layer. Thickness of the cap 
layer is preferably equal to or more than 2 nm to ensure a sufficient effect by the use of the 

3 0 cap layer. However, if the cap layer is excessively thick, the crystalline quality 

deteriorates in some kinds of composition. To prevent it, thickness of the cap layer is 
preferably limited not to exceed 20 nm. If the optical guide layer, first optical guide layer, 
layer made of the sixth nitride III-V compound semiconductor or layer made of the eighth 
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nitride m-V compound is doped with Mg or other p-type impurity semiconductor, the 
specific resistance rather increases. Therefore, it is preferably undoped. The optical guide 
layer, first optical guide layer, layer made of the sixth nitride m-V compound 
semiconductor or layer made of the eighth nitride ni-V compound exhibits an n-type 
5 conductivity when it is undoped. Thickness of the optical guide layer, first optical guide 
layer, layer made of the sixth nitride m-V compound semiconductor or layer made of the 
eighth nitride III-V compound is, in general, equal to larger than 8 nm, and it is typically 
controlled in the range from 10 nm to 100 nm. 

As to carrier gas atmosphere used for growth of layers of semiconductor light 

1 0 emitting devices or semiconductor devices, in order to obtain a layer with a lower 

resistance, a N2 gas atmosphere is most preferably used as the carrier gas atmosphere 
containing substantially no hydrogen and containing nitrogen as its major component, and 
a mixed gas atmosphere containing N2 and H2 is used as the carrier gas atmosphere 
containing nitrogen and hydrogen as its major components. 

15 In the 9th to 56th aspects of the invention, the statement made with reference to the 

first to eighth aspects of the invention are here again recommended as far as they are 
consistent to their natures. 

According to the invention summarized above, since the intermediate layer made 
of the second nitride III-V compound semiconductor containing In and Ga and different 

20 from the first nitride III-V compound semiconductor is provided in contact with the active 
layer or the layer made of the first nitride III-V compound semiconductor, the intermediate 
layer largely alleviates the stress produced in the active layer or the layer made of the first 
nitride III-V compound semiconductor, or effectively prevents Mg used as the p-type 
dopant from diffusion into the active layer or the layer made of the first nitride III-V 

2 5 compound semiconductor. 

Additionally, by optimizing the position of the cap layer, the optical guide layer or 
the first optical guide layer can be grown in a good crystalline quality as compared with a 
structure locating the cap layer adjacent to the active layer via the intermediate layer, for 
example, or the optical guide layer or the first optical guide layer can be optimized in 

30 thickness. 
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Brief Description of Drawings 

Fig. 1 is a cross-sectional view showing a GaN compound semiconductor laser 
according to the first embodiment of the invention; 

Fig. 2 is a schematic diagram showing an energy band structure of the GaN 
5 compound semiconductor laser according to the first embodiment of the invention; 

Fig. 3 is a schematic diagram showing an energy band structure of a GaN 
compound semiconductor laser according to the second embodiment of the invention; 

Fig. 4 is a schematic diagram showing an energy band structure of the GaN 
compound semiconductor laser according to the third embodiment of the invention; 
10 Fig. 5 is a schematic diagram showing an energy band structure of the GaN 

compound semiconductor laser according to the first embodiment of the invention; 

Fig. 6 is a cross-sectional view showing a GaN compound semiconductor laser 
according to the fifth embodiment of the invention; 

Fig. 7 is a schematic diagram showing an energy band structure of the GaN 
15 compound semiconductor laser according to the fifth embodiment of the invention; 

Fig. 8 is a schematic diagram showing measured changes in vertical radiation angle 
of the GaN compound semiconductor laser according to the fifth embodiment of the 
invention in response to changes in thickness of an undoped GaN optical guide layer 
therein; 

2 0 Fig. 9 is a cross-sectional view showing a GaN compound semiconductor laser 

according to the sixth embodiment of the invention; 

Fig. 10 is a schematic diagram showing an energy band structure of the GaN 
compound semiconductor laser according to the sixth embodiment of the invention; 

Fig. 11 is a schematic diagram showing an energy band structure of a GaN 

2 5 compound semiconductor laser according to the seventh embodiment of the invention; 

Fig. 12 is a schematic diagram showing an energy band structure of a GaN 
compound semiconductor laser according to the eighth embodiment of the invention; 

Fig. 13 is a schematic diagram showing an energy band structure of a GaN 
compound semiconductor laser according to the ninth embodiment of the invention; 

3 0 Fig. 14 is a schematic diagram showing an energy band structure of a GaN 

compound semiconductor laser according to the tenth embodiment of the invention; 
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Fig. 15 is a schematic diagram showing an energy band structure of a GaN 
compound semiconductor laser according to the eleventh embodiment of the invention; 
and 

Fig. 16 is a schematic diagram showing an energy band structure of a GaN 
5 compound semiconductor laser according to the twelfth embodiment of the invention. 

Detailed Description of the Presently Preferred Embodiments 

Embodiments of the invention will now be explained below with reference to the 
drawings. 

10 In all figures showing embodiments of the invention, identical or equivalent 

components are labeled with common reference numerals. 

Fig. 1 shows a GaN compound semiconductor laser according to the first 
embodiment of the invention. This GaN compound semiconductor laser has a ridge 
structure and a SCH (separate confinement heterostructure) structure. 

15 As shown in Fig. 1, the GaN compound semiconductor laser according to the first 

embodiment includes an undoped GaN layer 3 grown by lateral crystal growth technique 
such as ELO: n-type GaN contact layer 4; n-type AlGaN clad layer 5; n-type GaN optical 
guide layer 6; active layer 7 having an undoped In x Gai_ x N/In y Gai_ y N multiquantum well 
structure, for example; n-type undoped InGaN deterioration preventing layer 8; p-type 

2 0 AlGaN cap layer 9; p-type GaN optical guide layer 10; p-type AlGaN clad layer 11; and p- 
type GaN contact layer 12 that are sequentially overlaid on a c -plane sapphire substrate 1 
via an undoped GaN buffer layer 2 grown at a low temperature. 

The undoped GaN buffer layer 2 is 30 nm thick, for example. The undoped GaN 
layer 3 is 0.5 iim thick, for example. The n-type GaN contact layer 4 is 4 ixm thick, for 

2 5 example, and silicon (Si), for example, is doped as an n-type impurity. The n-type AlGaN 

clad layer 5 is 1.0 jxm thick, for example, and Si, for example, is doped as an n-type 
impurity. Its Al composition may be 0.07, for example. The n-type GaN optical guide 
layer 6 is 0.1 jxm thick, for example, and Si, for example, is doped as an n-type impurity. 
In the active layer 7 of the undoped In x Gai_ x N/In y Gai_ y N multiquantum well structure, 

3 0 each In x Gai_ x N layer as a well layer may be 3.5 nm thick, and x=0.14. Each In y Gai_ y N 

layer as a barrier layer may be 7 nm thick, and y=0.02. The active layer 7 includes three 
such well layers. 
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The undoped InGaN deterioration preventing layer 8 has a graded structure in 
which the indium composition gradually, monotonously decreases from the surface in 
contact with the active layer toward the surface in contact with the p-type AlGaN cap layer 
9. The indium composition along the surface in contact with the active layer 7 is equal to 
5 the Indium composition y of the In y Gai_ y N barrier layers of the active layer 7, and the 
indium composition along the surface in contact with the p-type AlGaN cap layer is 0. 
The undoped InGaN deterioration preventing layer 8 is 20 nm thick, for example. 

The p-type AlGaN cap layer 9 is 10 nm thick, for example, and magnesium (Mg), 
for example, is doped as a p-type impurity. Al composition of the p-type AlGaN cap layer 

10 9 may be 0.2, for example. As already explained, the p-type AlGaN cap layer 9 is 

provided to prevent the active layer 7 from deterioration by elimination of In therefrom 
during growth of the p-type GaN optical guide layer 10, p-type AlGaN clad layer 11 and 
p-type GaN contact layer 12 and simultaneously prevent overflow of carriers (electrons) 
from the active layer 9. Thickness of the p-type GaN optical guide layer 10 is 0.1 jxm, for 

15 example, and Mg, for example, is doped as a p-type impurity. Thickness of the p-type 
AlGaN clad layer 11 is 0.5 \xm, for example, and Mg, for example, is doped as a p-type 
impurity. Its Al composition is 0.07, for example. Thickness of the p-type GaN contact 
layer 12 is 0.1 )Lim, for example, and Mg, for example, is doped as a p-type impurity. 

An upper part of the n-type GaN contact layer 4, n-type AlGaN clad layer 5, n-type 

2 0 GaN optical guide layer 6, active layer 7, undoped InGaN deterioration preventing layer 8, 
p-type AlGaN cap layer 9, p-type GaN optical guide layer 10 and p-type GaN clad layer 
11 are shaped into a mesa configuration of a predetermined width. In the upper part of the 
p-type AlGaN clad layer 11 and the p-type contact layer 13 in the mesa portion, a ridge 13 
is formed to extend in the <ll-20> direction, for example. Width of the ridge 13 is 3 ^im, 

2 5 for example. 

An insulating film 14 such as a Si0 2 film having the thickness of 0.3 |Lim, for 
example, is formed to cover the entirety of the mesa portion. The insulating film 14 is 
provided for the purpose of electrical insulation and surface protection. The insulating 
film 14 has an aperture above the ridge 13, and a p-side electrode 15 is in contact with the 

3 0 p-type GaN contact layer 13 through the aperture 14a. The p-side electrode 15 has a 

multi-layered structure including sequentially overlaid Pd film, Pt film and Au film, which 
are 10 nm, thick, 100 nm thick and 300 nm thick, for example, respectively. The 
insulating film 14 has another aperture 14b in a predetermined portion adjacent the mesa 
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portion, and an n-side electrode 16 is in contact with the n-type GaN contact layer 4 
through the aperture 14b. The n-side electrode has a multi-layered structure including 
sequentially overlaid Ti film, Pty film and Au film, which are 10 nm thick, 50 nm thick 
and 100 nm thick, for example, respectively. 
5 Fig. 2 shows an energy band structure (conduction band) of a substantial part of the 

GaN compound semiconductor laser. In Fig. 2, E c denotes the bottom energy of the 
conduction band. 

Next explained is a manufacturing method of the GaN compound semiconductor 
laser according to the first embodiment. 

1 0 First prepared is a c-plane sapphire substrate 1 with a surface cleaned by thermal 

cleaning, for example, and the undoped GaN buffer layer 2 is grown on the c-plane 
sapphire substrate 1 by metal organic chemical vapor deposition (MOCVD) at a 
temperature around 500°C, for example. Thereafter, the undoped GaN layer 3 is grown by 
MOCVD at the growth temperature of 1000°C, for example, by lateral crystal growth 

15 technique such as ELO. 

Consecutively, the n-type GaN contact layer 4, n-type AlGaN clad layer 5, n-type 
GaN optical guide layer 6, active layer 7 of the undoped In x Gai_ x N/In y Gai- y N 
multiquantum well structure, undoped InGaN deterioration preventing layer 8, p-type 
AlGaN cap layer 9, p-type GaN optical guide layer 10, p-type AlGaN clad layer 11 and p- 

2 0 type GaN contact layer 12 are sequentially grown on the undoped GaN layer 3 by 

MOCVD. For growth of the layers not containing In, namely, the n-type GaN contact 
layer 4, n-type AlGaN clad layer 5, n-type GaN optical guide layer 6, p-type AlGaN cap 
layer 9, p-type GaN optical guide layer 10, p-type AlGaN clad layer 11 and p-type GaN 
contact layer 12, the growth temperature adjusted to 1000°C, for example. For growth of 

2 5 the active layer 7 having the Gai. x In x N/Gai_ y In y N multiquantum well structure, which does 

not contain In, the growth temperature is controlled within 700 to 800°C for example, e.g. 
at 730°C for example. For growth of the undoped InGaN deterioration-preventing layer 8, 
its growth temperature is set at the same value as the growth temperature of the active 
layer 7, namely, 730°C, for example, at the beginning of the growth, and thereafter, it is 

3 0 gradually raised linearly, for example, such that it rises up to the same growth temperature 

as that of the p-type AlGaN cap layer 9, namely 835°C for example, at the end of the 
growth. 
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As to source materials of these GaN compound semiconductor layers, trimethyl 
gallium ((CH 3 ) 3 Ga, TMG) is used as the source material of Ga, trimethyl aluminum 
((CH 3 ) 3 A1, TMA) is used as the source material of Al, trimethyl indium ((CH 3 ) 3 In, TMI) is 
used as the source material of In, and NH 3 is used as the source material of N, for 
5 example. Carrier gas may be H2, for example. As to dopants, silane (SiKO, for example, 
is used as the n-type dopant, and bis=methylcyclopentadienile magnesium 
((CH 3 C 5 H4)2Mg) or bis=cyclopentadienile magnesium ((C 5 H 5 )2Mg), for example, is used 
as the p-type dopant. 

In the next process, the c-plane sapphire substrate 1 having the GaN compound 

10 semiconductor layers grown thereon is taken out of the MOCVD apparatus. Then a Si0 2 
film (not shown), 0.1 ^im thick, for example is formed on the entire surface of the p-type 
GaN contact layer 12 by CVD, vacuum evaporation, sputtering, or the like, for example. 
After that, on this Si02 film, a resist pattern (not shown) of a predetermined geometry 
corresponding to the shape of the mesa portion is formed by photolithography. Using this 

15 resist pattern as a mask, the Si0 2 film is next etched and patterned by wet etching using an 
etching liquid of the fluoric acid series, or by REE using an etching gas containing fluorine, 
such as CF 4 or CHF 3 . Subsequently, using the Si0 2 film of the predetermined geometry as 
a mask, etching is carried out by RJE, for example, to the depth reaching the n-type GaN 
contact layer 4. As the etching gas for RIE, a chlorine-series gas may be used as the 

2 0 etching gas, for example. As a result of this etching, upper part of the n-type GaN contact 
layer 4, n-type AlGaN cladding layer 5, n-type GaN waveguide layer 6, active layer 7, 
undoped InGaN deterioration-preventing layer 8, p-type AlGaN cap layer 9, p-type GaN 
waveguide layer 10, p-type AlGaN cladding layer 11 and p-type GaN contact layer 12 are 
patterned into a mesa configuration. 

2 5 After that, the Si0 2 film used as the etching mask is removed, and another Si0 2 

film (not shown), 0.2 \xm thick for example, is again formed on the entire substrate surface 
by CVD, vacuum evaporation or sputtering, for example. Thereafter, a resist pattern (not 
shown) of a predetermined geometry corresponding to the shape of the ridge portion is 
formed on the SiC>2 film by photolithography. After that, using this resist pattern as a 

3 0 mask, the Si0 2 film is selectively etched into a pattern corresponding to the ridge portion 

by wet etching using an etching liquid of the fluoric acid series, or by REE using an 
etching gas containing fluorine, such as CF 4 or CHF 3 . 



In the next process, using the SiC>2 film as a mask, the p-type AlGaN cladding 
layer 11 is selectively etched by RIE to a predetermined depth to make out the ridge 13. 
In this RIE process, a chlorine-series gas may be used as the etching gas, for example. 

After that, the Si0 2 film used as the etching mask is removed, and the insulating 
5 layer 14 such as a SiC>2 film, 0.3 \xm thick for example, is formed on the entire substrate 
surface by CVD, vacuum evaporation or sputtering, for example. 

Subsequently, a resist pattern (not shown) is formed to cover a selective part of the 
insulating film 14 excluding the region for the n-side electrode by photolithography. 

Next using this resist pattern as a mask, the insulating film 14 is selectively etched 
10 to form the aperture 14b. 

In the next process, maintaining the resist pattern there, a Ti film, Pt film and Au 
film are sequentially deposited on the entire substrate surface by vacuum evaporation, for 
example. Thereafter, the resist pattern is removed together with the overlying part of the 
Ti film, Pt film and Au film (lift-off). As a result, the n-side electrode 16 is formed in 
15 contact with the n-type GaN contact layer 4 through the aperture 14b in the insulating film 
14. The Ti film, Pt film and Au film forming the n-side electrode 16 are, respectively, 10 
nm thick, 50 nm thick and 100 nm thick. An alloying process is next carried out for 
making ohmic contact of the n-side electrode 16. 

Subsequently, after the aperture 14a is formed by selectively removing the 
2 0 insulating film 14 from above the ridge 13 by etching in a similar process, and the p-side 
electrode 15 having the Pd/Pt/Au structure in contact with the p-type GaN contact layer 12 
through the aperture 14a is formed in the same manner as the n-side electrode 16. 
Thereafter, an alloying process is carried out for making ohmic contact of the p-side 
electrode 15. 

2 5 After that, the substrate having the laser structure thereon is divided into bars by 

cleavage, for example, to make out opposite cavity edges, and after the cavity edges are 
processed by edge coating, each bar is divided into chips by cleavage, or the like. 

Through those steps, the intended GaN compound semiconductor laser having the 
ridge structure and the SCH structure is completed. 

3 0 GaN compound semiconductor lasers according to the first embodiment and GaN 

semiconductor lasers not including the undoped InGaN deterioration preventing layer but 
equal to the former lasers in the other respects were prepared and subjected to a life test. 
As a result, GaN compound semiconductor lasers according to the first embodiment 
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exhibited very small initial deterioration rates as compared with the latter GaN 
semiconductor lasers, and although the operation currents of the former lasers tended to 
gradually increase with time, their gradients were very small and negligible levels. This 
life test was carried out under the condition of optical output being 30 mW and 
5 atmosphere temperature being 60°C for both the former and latter lasers. Additionally, 

electroluminescent emission of these GaN compound semiconductor lasers was observed. 
As a result, although noticeably uneven emission was observed in the latter GaN 
compound semiconductors, no uneven emission was observed in the GaN compound 
semiconductor lasers according to the first embodiment. 

10 As explained above, according to the first embodiment, since the laser includes the 

undoped InGaN deterioration preventing layer 8 in contact with the active layer 7 and the 
p-type AlGaN cap layer 9 in contact with the undoped InGaN deterioration preventing 
layer, the undoped InGaN deterioration preventing layer 8 largely alleviates the stress 
produced in the active layer 7 by the p-type AlGaN cap layer 9, and effectively prevents 

15 Mg used as p-type dopants of p-type layers from diffusing into the active layer 7. As a 
result, the high-performance GaN compound semiconductor laser elongated in lifetime, 
highly reliable and free from emission unevenness can be realized. 

Next explained is a GaN compound semiconductor laser according to the second 
embodiment of the invention. Fig. 3 is an energy band diagram of this GaN compound 

2 0 semiconductor laser. 

In the GaN compound semiconductor laser according to the second embodiment, 
Indium composition in the undoped InGaN deterioration preventing layer is uniform 
throughout the entire thickness thereof, and the indium composition is adjusted to a value 
smaller than the Indium composition y of the barrier layers in the active layer 7, namely 

2 5 0.02, for example. In the other respects, its structure is identical to that of the GaN 

compound semiconductor laser according to the first embodiment. So, its explanation is 
omitted here. 

This GaN compound semiconductor laser can be manufactured by the same 
method as that of the GaN compound semiconductor laser according to the first 

3 0 embodiment except that the undoped InGaN deterioration preventing layer 8 is grown 

under a constant growth temperature. 

The second embodiment also ensures the same advantages as those of the first 
embodiment. 
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Next explained is a GaN compound semiconductor laser according to the third 
embodiment of the invention. Fig. 4 is an energy band diagram of this GaN compound 
semiconductor laser. 

In the GaN compound semiconductor laser according to the third embodiment, 
5 Indium composition of the undoped InGaN deterioration preventing layer is uniform 
throughout the entire thickness thereof, and the indium composition is adjusted to the 
same value as the Indium composition y of the barrier layers in the active layer 7. 
Thickness of the undoped InGaN deterioration preventing layer 8 is adjusted such that the 
sum of its own thickness and the thickness of one of the barrier layers of the active layer 7 
10 nearest thereto is at least 15 nm, preferably not thinner than 17 nm, more preferably not 
thinner than 20 nm, or still more preferably not thinner than 25 nm. In the other respects, 
its structure is identical to that of the GaN compound semiconductor laser according to the 
first embodiment. So, its explanation is omitted here. 

Here again, this GaN compound semiconductor laser can be manufactured by the 
1 5 same method as that of the GaN compound semiconductor laser according to the first 
embodiment except that the undoped InGaN deterioration preventing layer 8 is grown 
under a constant growth temperature. 

The third embodiment also ensures the same advantages as those of the first 
embodiment. 

2 0 Next explained is a GaN compound semiconductor laser according to the fourth 

embodiment of the invention. Fig. 5 is an energy band diagram of this GaN compound 
semiconductor laser. 

The GaN compound semiconductor laser according to the fourth embodiment is so 
configured that the undoped InGaN deterioration preventing layer 8 is in contact with the 

2 5 active layer 7, the p-type GaN optical guide layer 10 is in contact with the undoped InGaN 

deterioration preventing layer 8, and the p-type AlGaN cap layer 9 is in contact with the p- 
type GaN optical guide layer 10. Distribution of the indium composition in the undoped 
InGaN deterioration preventing layer 8 is identical to that of the first embodiment. In the 
other respects, its structure is identical to that of the GaN compound semiconductor laser 

3 0 according to the first embodiment. So, its explanation is omitted here. 

Here again, this GaN compound semiconductor laser can be manufactured by the 
same method as that of the GaN compound semiconductor laser according to the first 
embodiment. 
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c 

The fourth embodiment also ensures the same advantages as those of the first 
embodiment. 

Next explained is a GaN compound semiconductor laser according to the fifth 
embodiment of the invention. Fig. 6 shows the GaN compound semiconductor laser 
5 according to the fifth embodiment. Fig. 7 is an energy band diagram of this GaN 
compound semiconductor laser. 

In the GaN compound semiconductor laser according to the fifth embodiment, an 
undoped GaN optical guide layer 17 is formed in contact with the active layer; the p-type 
AlGaN cap layer 9 is in contact with the undoped GaN optical guide layer 17; and a p-type 

10 AlGaN/GaN superlattice clad layer 18 is formed in contact with the p-type AlGaN cap 
layer 9. The laser of this embodiment does not include the undoped InGaN deterioration 
preventing layer 8. The undoped GaN optical guide layer 17 exhibits n-type conductivity. 
Thickness of the undoped GaN optical guide layer 17 is usually 10-100 nm; however, it is 
limited to 20-40 nm in this embodiment. The p-type AlGaN/GaN superlattice clad layer 

15 18 has a structure alternately stacking undoped □ AlGaN layers as barrier layers each 

having the thickness of 2.5 nm and Al composition of 12%, for example, and Mg-doped 
GaN layers as well layers each having the thickness of 2.5 nm here again, for example, 
and the total thickness of the clad layer 18 is, for example, 0.5 jxm. For the purpose of 
preventing electrons injected into the active layer from moving through the p-type AlGaN 

2 0 cap layer 9 to the p-type AlGaN/GaN superlattice clad layer 18 by tunneling, distance 

between the p-type AlGaN cap layer 9 and nearest one of the barrier layers of the p-type 
AlGaN/GaN superlattice clad layer 18 is adjusted to a value capable of preventing the 
tunneling, namely about 10 nm, for example. The purpose of using the p-type 
AlGaN/GaN superlattice clad layer 18 is to facilitate holes to move therethrough by 

2 5 tunneling. In the other respects, the structure of the laser shown here is identical to that of 

the GaN compound semiconductor laser according to the first embodiment. So, its 
explanation is omitted here. 

This GaN compound semiconductor laser can be manufactured by essentially the 
same method as that of the GaN compound semiconductor laser according to the first 

3 0 embodiment. In this embodiment, however, the following special conditions are used for 

growth temperature and carrier gas when growing individual layers. For example, growth 
temperature is set at 1000°C for growth of layers from the undoped GaN layer 3 to the n- 
type AlGaN clad layer 5, at 800°C for growth of layers from the n-type GaN optical guide 
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layer 6 to the p-type AlGaN cap layer 9, and at 1000°C for growth of the p-type 
AlGaN/GaN superlattice clad layer 18 and the p-type GaN contact layer 12. As to carrier 
gas, a mixed gas atmosphere containing N2 and H2 is used for growth of layers from the 
undoped GaN layer 3 to the n-type AlGaN clad layer 5, a N 2 atmosphere is used for 
5 growth of layers from the n-type GaN optical guide layer 6 to the p-type AlGaN cap layer 
9, and a mixed gas atmosphere containing N2 and H2 is used for growth of the p-type 
AlGaN/GaN superlattice clad layer 18 and the p-type GaN contact layer 12. In this case, 
since the carrier gas atmosphere used for the growth up to the p-type AlGaN cap layer 9 
after the growth of the active layer 7 is the N2 atmosphere and does not contain H 2 , 
10 elimination of In from the active layer 7 is prevented, and the active layer 7 is prevented 
from deterioration. Additionally, the carrier gas atmosphere used for the growth of the p- 
type AlGaN/GaN superlattice clad layer 18 and the p-type GaN contact layer 12 is the 
mixed gas atmosphere containing N 2 and H2, these p-type layers can be grown in a good 
crystalline quality. 

1 5 Fig. 8 shows a result of measurement to know how the vertical beam divergent 

angle of the semiconductor laser, i.e. its vertical radiation angle (6J_), changes with 
thickness of the undoped GaN optical guide layer 17. It is appreciated from Fig. 8 that the 
vertical radiation angle can be limited within 19-22 degrees by limiting the thickness of 
the undoped GaN optical guide layer 17 within 20-40 nm. As compared to vertical 

2 0 radiation angles of conventional GaN semiconductor lasers as large as 27-30 degrees, the 
vertical radiation angle of the semiconductor laser according to this embodiment is much 
less. 

According to the fifth embodiment, since the semiconductor laser is so configured 
that the active layer 7, undoped GaN optical guide layer 17, p-type AlGaN cap layer 9 and 

2 5 p-type AlGaN/GaN superlattice clad layer 18 sequentially lie in contact and the undoped 

GaN optical guide layer 17 is as thin as 20-40 nm, it is possible to significantly reduce the 
vertical radiation angle of the GaN compound semiconductor laser and thereby reduce the 
aspect ratio of the radiation angle (0170 □ where 0D is the horizontal radiation angle). 
Moreover, since the p-type AlGaN cap layer 9 is in contact with the p-type AlGaN/GaN 

3 0 superlattice clad layer 18, symmetry of the intensity distribution of light in far-field 

images can be improved. This type of GaN compound semiconductor laser is especially 
suitable for use as the light source of an optical disc device. 



Additionally, since the undoped GaN optical guide layer 17 is grown in direct 
contact with the active layer 7, its crystalline quality is improved, and the lifetime of the 
GaN compound semiconductor laser is elongated accordingly. 

Furthermore, since the undoped GaN optical guide layer 17 is as thin as 20-40 nm, 
5 and its specific resistance is smaller than that of a p-type GaN optical guide layer doped 
with Mg as its p-type impurity, serial resistance of the GaN compound semiconductor 
laser can be reduced, and its drive voltage can be reduced accordingly. 

Next explained is a GaN compound semiconductor laser according to the sixth 
embodiment of the invention. Fig. 9 shows the GaN compound semiconductor laser 
1 0 according to the sixth embodiment. Fig. 10 is an energy band diagram of this GaN 
compound semiconductor laser. 

In the GaN compound semiconductor laser according to the sixth embodiment, the 
undoped InGaN deterioration preventing layer 8 is in contact with the active layer 7; the 
undoped GaN optical guide layer 17 is in contact with the undoped InGaN deterioration 
15 preventing layer 8; the p-type AlGaN cap layer 9 is in contact with the undoped GaN 

optical guide layer 17; and the p-type AlGaN/GaN superlattice clad layer 18 is in contact 
with the p-type AlGaN cap layer 9. Indium composition in the undoped InGaN 
deterioration preventing layer 8 is equal to that of the second embodiment. In the other 
respects, the structure of the laser shown here is identical to those of the GaN compound 
2 0 semiconductor lasers according to the first and fifth embodiments. So, its explanation is 
omitted here. 

This GaN compound semiconductor laser can be manufactured by essentially the 
same method as that of the GaN compound semiconductor laser according to the first 
embodiment. In this embodiment, however, the following special conditions are used for 

2 5 growth temperature and carrier gas when growing individual layers. For example, growth 

temperature is set at 1000°C for growth of layers from the undoped GaN layer 3 to the n- 
type AlGaN clad layer 5, at 800°C for growth of layers from the n-type GaN optical guide 
layer 6 to the p-type undoped InGaN deterioration preventing layer 8, at 850°C for growth 
of the undoped GaN optical guide layer 17 and the p-type AlGaN cap layer 9, and at 

3 0 1000°C for growth of the p-type AlGaN/GaN superlattice clad layer 18 and the p-type 

GaN contact layer 12. As to carrier gas, a mixed gas atmosphere containing N2 and H2 is 
used for growth of layers from the undoped GaN layer 3 to the n-type AlGaN clad layer 5, 
a N2 atmosphere is used for growth of layers from the n-type GaN optical guide layer 6 to 
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the p-type AlGaN cap layer 9, and a mixed gas atmosphere containing N 2 and H 2 is used 
for growth of the p-type AlGaN/GaN superlattice clad layer 18 and the p-type GaN 
contact layer 12. In this case, since the carrier gas atmosphere used for the growth up to 
the p-type AlGaN cap layer 9 after the growth of the active layer 7 is the N 2 atmosphere 
5 and does not contain H 2 , elimination of In from the active layer 7 is prevented, and the 
active layer 7 is prevented from deterioration. Additionally, the carrier gas atmosphere 
used for the growth of the p-type AlGaN/GaN superlattice clad layer 18 and the p-type 
GaN contact layer 12 is the mixed gas atmosphere containing N 2 and H 2 , these p-type 
layers can be grown in a good crystalline quality. 

10 According to the sixth embodiment, since the semiconductor laser is so configured 

that the active layer 7, undoped InGaN deterioration preventing layer 8, undoped GaN 
optical guide layer 17, p-type AlGaN cap layer 9 and p-type AlGaN/GaN superlattice clad 
layer 18 sequentially lie in contact and the undoped GaN optical guide layer 17 is as thin 
as 20-40 nm, the same advantages as those of the fifth embodiment can be obtained, and 

15 simultaneously, since the undoped InGaN deterioration preventing layer 8 is provided 

adjacent to the active layer 7, the same advantages as those of the first embodiment can be 
obtained as well. 

Next explained is a GaN compound semiconductor laser according to the seventh 
embodiment of the invention. Fig. 11 is an energy band diagram of this GaN compound 

2 0 semiconductor laser. 

In the GaN compound semiconductor laser according to the seventh embodiment, 
the undoped GaN optical guide layer 17 is provided in contact with the active layer 7; the 
p-type AlGaN cap layer 9 is in contact with the undoped GaN optical guide layer 17; the 
p-type GaN optical guide layer 10 is in contact with the p-type AlGaN cap layer 9; and the 
25 p-type AlGaN/GaN superlattice clad layer 18 is in contact with the p-type GaN optical 
guide layer 10. In the other respects, the structure of the laser shown here is identical to 
those of the GaN compound semiconductor lasers according to the first and fifth 
embodiments. So, its explanation is omitted here. 

This GaN compound semiconductor laser can be manufactured by essentially the 

3 0 same method as that of the GaN compound semiconductor laser according to the first 

embodiment. In this embodiment, however, the following special conditions are used for 
growth temperature and carrier gas when growing individual layers. For example, growth 
temperature is set at 1000°C for growth of layers from the undoped GaN layer 3 to the n- 



type AlGaN clad layer 5, at 800°C for growth of layers from the n-type GaN optical guide 
layer 6 to the p-type AlGaN cap layer 9, and at 1000°C for growth of layers from the p- 
type GaN optical guide layer 10 to the p-type GaN contact layer 12. As to carrier gas, a 
mixed gas atmosphere containing N2 and H2 is used for growth of layers from the undoped 
5 GaN layer 3 to the n-type AlGaN clad layer 5, a N 2 atmosphere is used for growth of 

layers from the n-type GaN optical guide layer 6 to the p-type AlGaN cap layer 9, and a 
mixed gas atmosphere containing N2 and H 2 is used for growth of layers from the p-type 
GaN optical guide layer 10 to the p-type GaN contact layer 12. In this case, since the 
carrier gas atmosphere used for the growth up to the p-type AlGaN cap layer 9 after the 

10 growth of the active layer 7 is the N2 atmosphere and does not contain H 2 , elimination of 
In from the active layer 7 is prevented, and the active layer 7 is prevented from 
deterioration. Additionally, the carrier gas atmosphere used for the growth of the p-type 
GaN optical guide layer 10, p-type AlGaN/GaN superlattice clad layer 18 and p-type GaN 
contact layer 12 is the mixed gas atmosphere containing N 2 and H 2 , these p-type layers can 

15 be grown in a good crystalline quality. 

According to the seventh embodiment, since the semiconductor laser is configured 
such that the active layer 7, undoped InGaN deterioration preventing layer 8, undoped 
GaN optical guide layer 17, p-type AlGaN cap layer 9 and p-type AlGaN/GaN superlattice 
clad layer 18 sequentially lie in contact and the undoped GaN optical guide layer 17 is as 

2 0 thin as 20-40 nm, the same advantages as those of the fifth embodiment can be obtained. 

Next explained is a GaN compound semiconductor laser according to the eighth 
embodiment of the invention. Fig. 12 is an energy band diagram of this GaN compound 
semiconductor laser. 

In the GaN compound semiconductor laser according to the eighth embodiment, 

2 5 the undoped InGaN deterioration preventing layer 8 is in contact with the active layer 7; 
the undoped GaN optical guide layer 17 is provided in contact with the undoped InGaN 
deterioration preventing layer 8; the p-type AlGaN cap layer 9 is in contact with the 
undoped GaN optical guide layer 17; the p-type GaN optical guide layer 10 is in contact 
with the p-type AlGaN cap layer 9; and the p-type AlGaN/GaN superlattice clad layer 18 

30 is in contact with the p-type GaN optical guide layer 10. Indium composition in the 
undoped InGaN deterioration preventing layer 8 is equal to that of the second 
embodiment. In the other respects, the structure of the laser shown here is identical to 
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those of the GaN compound semiconductor lasers according to the first and fifth 
embodiments. So, its explanation is omitted here. 

This GaN compound semiconductor laser can be manufactured by essentially the 
same method as that of the GaN compound semiconductor laser according to the first 
5 embodiment. In this embodiment, however, the following special conditions are used for 
growth temperature and carrier gas when growing individual layers. For example, growth 
temperature is set at 1000°C for growth of layers from the undoped GaN layer 3 to the n- 
type AlGaN clad layer 5, at 800°C for growth of the n-type GaN optical guide layer 6 and 
the active layer 7, at 860°C for growth of layers from the undoped InGaN deterioration 

10 preventing layer 8 to the p-type AlGaN cap layer 9, and at 1000°C for growth of layers 
from the p-type GaN optical guide layer 10 to the p-type GaN contact layer 12. As to 
carrier gas, a mixed gas atmosphere containing N 2 and H2 is used for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad layer 5, a N2 atmosphere is used 
for growth of layers from the n-type GaN optical guide layer 6 to the p-type AlGaN cap 

15 layer 9, and a mixed gas atmosphere containing N2 and H2 is used for growth of layers 
from the p-type GaN optical guide layer 10 to the p-type GaN contact layer 12. In this 
case, since the carrier gas atmosphere used for the growth up to the p-type AlGaN cap 
layer 9 after the growth of the active layer 7 is the N 2 atmosphere and does not contain H2, 
elimination of In from the active layer 7 is prevented, and the active layer 7 is prevented 

2 0 from deterioration. Additionally, the carrier gas atmosphere used for the growth of the p- 
type GaN optical guide layer 10, p-type AlGaN/GaN superlattice clad layer 18 and p-type 
GaN contact layer 12 is the mixed gas atmosphere containing N 2 and H 2 , these p-type 
layers can be grown in a good crystalline quality. 

According to the eighth embodiment, since the semiconductor laser is configured 

2 5 such that the active layer 7, undoped InGaN deterioration preventing layer 8, undoped 

GaN optical guide layer 17, p-type AlGaN cap layer 9, p-type GaN optical guide layer 10 
and p-type AlGaN/GaN superlattice clad layer 18 sequentially lie in contact and the 
undoped GaN optical guide layer 17 is as thin as 20-40 nm, the same advantages as those 
of the fifth embodiment can be obtained. Additionally, since the undoped InGaN 

3 0 deterioration preventing layer is provided in contact with the active layer 7, the same 

advantages as those of the first embodiment are obtained. 
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Next explained is a GaN compound semiconductor laser according to the ninth 
embodiment of the invention. Fig. 13 is an energy band diagram of this GaN compound 
semiconductor laser. 

In the GaN compound semiconductor laser according to the ninth embodiment, the 
5 undoped GaN optical guide layer 17 is in contact with the active layer 7; a p-type 

AlGaN/GaN superlattice cap layer 19 is formed in contact with the undoped GaN optical 
guide layer 17; the p-type GaN optical guide layer 10 is in contact with the p-type 
AlGaN/GaN superlattice cap layer 19; and the p-type AlGaN/GaN superlattice clad layer 
18 is in contact with the p-type GaN optical guide layer 10. The p-type AlGaN/GaN 

1 0 superlattice cap layer 19 has a structure alternately stacking undoped AlGaN layers as 
barrier layers each having the thickness of 2.5 nm and Al composition of 12%, for 
example, and Mg-doped GaN layers as well layers each having the thickness of 2.5 nm 
here again, for example, and the total thickness of the cap layer 19 is, for example, 100 
nm. In the other respects, the structure of the laser shown here is identical to that of the 

15 GaN compound semiconductor laser according to the first embodiment. So, its 
explanation is omitted here. 

This GaN compound semiconductor laser can be manufactured by essentially the 
same method as that of the GaN compound semiconductor laser according to the first 
embodiment. In this embodiment, however, the following special conditions are used for 

2 0 growth temperature and carrier gas when growing individual layers. For example, growth 
temperature is set at 1000°C for growth of layers from the undoped GaN layer 3 to the n- 
type AlGaN clad layer 5, at 800°C for growth of layers from the n-type GaN optical guide 
layer 6 to the p-type AlGaN/Gan superlattice cap layer 19, and at 1000°C for growth of 
layers from the p-type GaN optica] guide layer 10 to the p-type GaN contact layer 12. As 

2 5 to carrier gas, a mixed gas atmosphere containing N 2 and H2 is used for growth of layers 

from the undoped GaN layer 3 to the n-type AlGaN clad layer 5, a N2 atmosphere is used 
for growth of layers from the n-type GaN optical guide layer 6 to the p-type AlGaN cap 
layer 9, and a mixed gas atmosphere containing N2 and H 2 is used for growth of layers 
from the p-type GaN optical guide layer 10 to the p-type GaN contact layer 12. In this 

3 0 case, since the carrier gas atmosphere used for the growth up to the p-type AlGaN/GaN 

superlattice cap layer 19 after the growth of the active layer 7 is the N 2 atmosphere and 
does not contain H 2 , elimination of In from the active layer 7 is prevented, and the active 
layer 7 is prevented from deterioration. Additionally, the carrier gas atmosphere used for 
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the growth of the p-type GaN optical guide layer 10, p-type AlGaN/GaN superlattice clad 
layer 18 and the p-type GaN contact layer 12 is the mixed gas atmosphere containing N 2 
and H 2 , these p-type layers can be grown in a good crystalline quality. 

According to the ninth embodiment, since the semiconductor laser is configured 
5 such that the active layer 7, undoped GaN optical guide layer 17, p-type AlGaN/GaN 
superlattice cap layer 19, p-type GaN optical guide layer 10 and p-type AlGaN/GaN 
superlattice clad layer 18 and sequentially lie in contact and the undoped GaN optical 
guide layer 17 is as thin as 20-40 nm, the same advantages as those of the fifth 
embodiment can be obtained. 
1 0 Next explained is a GaN compound semiconductor laser according to the tenth 

embodiment of the invention. Fig. 14 is an energy band diagram of this GaN compound 
semiconductor laser. 

In the GaN compound semiconductor laser according to the tenth embodiment, the 
undoped InGaN deterioration preventing layer 8 is in contact with the active layer 7; the 

15 undoped GaN optical guide layer 17 is formed in contact with the undoped InGaN 
deterioration preventing layer 8; the p-type AlGaN/GaN superlattice cap layer 19 is 
formed in contact with the undoped GaN optical guide layer 17; the p-type GaN optical 
guide layer 10 is in contact with the p-type AlGaN/GaN superlattice cap layer 19; and the 
p-type AlGaN/GaN superlattice clad layer 18 is in contact with the p-type GaN optical 

2 0 guide layer 10. Indium composition in the undoped InGaN deterioration preventing layer 
8 is equal to that of the second embodiment. In the other respects, the structure of the 
laser shown here is identical to those of the GaN compound semiconductor lasers 
according to the first and fifth embodiments. So, its explanation is omitted here. 

This GaN compound semiconductor laser can be manufactured by essentially the 

2 5 same method as that of the GaN compound semiconductor laser according to the first 

embodiment. In this embodiment, however, the following special conditions are used for 
growth temperature and carrier gas when growing individual layers. For example, growth 
temperature is set at 1000°C for growth of layers from the undoped GaN layer 3 to the n- 
type AlGaN clad layer 5, at 800°C for growth of layers from the n-type GaN optical guide 

3 0 layer 6 to the undoped InGaN deterioration preventing layer 8, at 870°C for growth of the 

undoped GaN optical guide layer 17 and the p-type AlGaN/Gan superlattice cap layer 19, 
and at 1000°C for growth of layers from the p-type GaN optical guide layer 10 to the p- 
type GaN contact layer 12. As to carrier gas, a mixed gas atmosphere containing N 2 and 
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H2 is used for growth of layers from the undoped GaN layer 3 to the n-type AlGaN clad 
layer 5, a N 2 atmosphere is used for growth of layers from the n-type GaN optical guide 
layer 6 to the p-type AlGaN/GaN superlattice cap layer 19, and a mixed gas atmosphere 
containing N 2 and H 2 is used for growth of layers from the p-type GaN optical guide layer 
5 10 to the p-type GaN contact layer 12. In this case, since the carrier gas atmosphere used 
for the growth up to the p-type AlGaN/GaN superlattice cap layer 19 after the growth of 
the active layer 7 is the N 2 atmosphere and does not contain H 2 , elimination of In from the 
active layer 7 is prevented, and the active layer 7 is prevented from deterioration. 
Additionally, the carrier gas atmosphere used for the growth of the p-type GaN optical 

10 guide layer 10, p-type AlGaN/GaN superlattice clad layer 18 and p-type GaN contact layer 
12 is the mixed gas atmosphere containing N 2 and H 2 , these p-type layers can be grown in 
a good crystalline quality. 

According to the tenth embodiment, since the semiconductor laser is configured 
such that the active layer 7, undoped InGaN deterioration preventing layer 8, undoped 

15 GaN optical guide layer 17, p-type AlGaN/GaN superlattice cap layer 19, p-type GaN 

optical guide layer 10 and p-type AlGaN/GaN superlattice clad layer 18 and sequentially 
lie in contact and the undoped GaN optical guide layer 17 is as thin as 20-40 nm, the same 
advantages as those of the fifth embodiment can be obtained. Additionally, since the 
undoped InGaN deterioration preventing layer 8 is formed adjacent to the active layer 7, 

2 0 the same advantages as those of the first embodiment are obtained. 

Next explained is a GaN compound semiconductor laser according to the eleventh 
embodiment of the invention. Fig. 15 is an energy band diagram of this GaN compound 
semiconductor laser. 

In the GaN compound semiconductor laser according to the eleventh embodiment, 

2 5 the undoped GaN optical guide layer 17 is formed in contact with the active layer 7; the p- 

type AlGaN/GaN superlattice cap layer 19 is formed in contact with the undoped GaN 
optical guide layer 17; and the p-type AlGaN/GaN superlattice clad layer 18 is formed in 
contact with the p-type AlGaN/GaN superlattice cap layer 19. In the other respects, the 
structure of the laser shown here is identical to those of the GaN compound semiconductor 

3 0 lasers according to the first, fifth and ninth embodiments. So, its explanation is omitted 

here. 

This GaN compound semiconductor laser can be manufactured by essentially the 
same method as that of the GaN compound semiconductor laser according to the first 



embodiment. In this embodiment, however, the following special conditions are used for 
growth temperature and carrier gas when growing individual layers. For example, growth 
temperature is set at 1000°C for growth of layers from the undoped GaN layer 3 to the n- 
type AlGaN clad layer 5, at 800°C for growth of layers from the n-type GaN optical guide 
5 layer 6 to the p-type AlGaN/Gan superlattice cap layer 19, and at 1000°C for growth of 
layers from the p-type GaN optical guide layer 10 to the p-type GaN contact layer 12. As 
to carrier gas, a mixed gas atmosphere containing N2 and H 2 is used for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad layer 5, a N2 atmosphere is used 
for growth of layers from the n-type GaN optical guide layer 6 to the p-type AlGaN/GaN 

10 superlattice cap layer 19, and a mixed gas atmosphere containing N 2 and H2 is used for 
growth of layers from the p-type GaN optical guide layer 10 to the p-type GaN contact 
layer 12. In this case, since the carrier gas atmosphere used for the growth up to the p- 
type AlGaN/GaN superlattice cap layer 19 after the growth of the active layer 7 is the N 2 
atmosphere and does not contain H 2 , elimination of In from the active layer 7 is prevented, 

15 and the active layer 7 is prevented from deterioration. Additionally, the carrier gas 

atmosphere used for the growth of the p-type AlGaN/GaN superlattice clad layer 18 and 
the p-type GaN contact layer 12 is the mixed gas atmosphere containing N 2 and H 2 , these 
p-type layers can be grown in a good crystalline quality. 

According to the eleventh embodiment, since the semiconductor laser is configured 

2 0 such that the active layer 7, undoped GaN optical guide layer 17, p-type AlGaN/GaN 

superlattice cap layer 19 and p-type AlGaN/GaN superlattice clad layer 18 sequentially lie 
in contact and the undoped GaN optical guide layer 17 is as thin as 20-40 nm, the same 
advantages as those of the fifth embodiment can be obtained. 

Next explained is a GaN compound semiconductor laser according to the twelfth 

2 5 embodiment of the invention. Fig. 16 is an energy band diagram of this GaN compound 

semiconductor laser. 

In the GaN compound semiconductor laser according to the twelfth embodiment, 
the undoped InGaN deterioration preventing layer 8 is formed in contact with the active 
layer 7; the undoped GaN optical guide layer 17 is formed in contact with the undoped 

3 0 InGaN deterioration preventing layer 8; the p-type AlGaN/GaN superlattice cap layer 19 is 

formed in contact with the undoped GaN optical guide layer 17; and the p-type 
AlGaN/GaN superlattice clad layer 18 is formed in contact with the p-type AlGaN/GaN 
superlattice cap layer 19. Indium composition in the undoped GaN optical guide layer 17 
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is equal to that of the second embodiment. In the other respects, the structure of the laser 
shown here is identical to those of the GaN compound semiconductor lasers according to 
the first, fifth and ninth embodiments. So, its explanation is omitted here. 

This GaN compound semiconductor laser can be manufactured by essentially the 
5 same method as that of the GaN compound semiconductor laser according to the first 

embodiment. In this embodiment, however, the following special conditions are used for 
growth temperature and carrier gas when growing individual layers. For example, growth 
temperature is set at 1000°C for growth of layers from the undoped GaN layer 3 to the n- 
type AlGaN clad layer 5, at 800°C for growth of layers from the n-type GaN optical guide 

10 layer 6 to the undoped GaN deterioration preventing layer 8, at 880°C for growth of the 
undoped GaN optical guide layer 17 and the p-type AlGaN/Gan superlattice cap layer 19, 
and at 1000°C for growth of layers from the p-type GaN optical guide layer 10 to the p- 
type GaN contact layer 12. As to carrier gas, a mixed gas atmosphere containing N 2 and 
H 2 is used for growth of layers from the undoped GaN layer 3 to the n-type AlGaN clad 

15 layer 5, a N 2 atmosphere is used for growth of layers from the n-type GaN optical guide 
layer 6 to the undoped GaN deterioration preventing layer 8, and a mixed gas atmosphere 
containing N 2 and H 2 is used for growth of the p-type AlGaN/GaN superlattice clad layer 
18 and the p-type GaN contact layer 12. In this case, since the carrier gas atmosphere used 
for the growth up to the p-type AlGaN/GaN superlattice cap layer 19 after the growth of 

2 0 the active layer 7 is the N 2 atmosphere and does not contain H 2 , elimination of In from the 
active layer 7 is prevented, and the active layer 7 is prevented from deterioration. 
Additionally, the carrier gas atmosphere used for the growth of the p-type AlGaN/GaN 
superlattice clad layer 18 and the p-type GaN contact layer 12 is the mixed gas atmosphere 
containing N 2 and H 2 , these p-type layers can be grown in a good crystalline quality. 

2 5 According to the twelfth embodiment, since the semiconductor laser is configured 

such that the active layer 7, undoped GaN deterioration preventing layer 8, undoped GaN 
optical guide layer 17, p-type AlGaN/GaN superlattice cap layer 19 and p-type 
AlGaN/GaN superlattice clad layer 18 sequentially lie in contact and the undoped GaN 
optical guide layer 17 is as thin as 20-40 nm, the same advantages as those of the fifth 

3 0 embodiment can be obtained. Additionally, since the undoped InGaN deterioration 

preventing layer 8 is provided adjacent to the active layer, the same advantages as those of 
the first embodiment are obtained. 
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Heretofore, embodiments of the invention have been explained specifically. 
However, the invention is not limited to those embodiments but contemplates various 
changes and modifications based on the technical concept of the invention. 

For example, numerical values, structures, substrates, source materials, processes, 
5 and the like, specifically indicated in conjunction with the first to twelfth embodiments are 
not but examples, and any appropriate numerical values, structures, substrates, source 
materials, processes, etc. may be used. 

More specifically, for example, although the first to twelfth embodiments have 
been explained as first depositing n-type layers of the laser structure on the substrate and 
1 0 thereafter depositing p-type layers. However, the order of deposition may be opposite to 
first deposit p-type layers on the substrate and thereafter deposit n-type layers. 

Further, the first to twelfth embodiments use the c-plane sapphire substrate, but a 
SiC substrate, Si substrate or spinel substrate, for example, may be used instead, where 
appropriate. Furthermore, an A1N buffer layer or AlGaN buffer layer may be used instead 
15 of the GaN buffer layer. 

The first to twelfth embodiments have been explained as applying the invention to 
the manufacture of a GaN compound semiconductor laser of a SCH structure. Instead, the 
invention is applicable to the manufacture of a GaN compound semiconductor laser of a 
DH structure (double heterostructure), for example, or to the manufacture of a GaN 
2 0 compound light emitting diode, or further to an electron transporting device using nitride 
III-V compound semiconductors, such as GAN compound FET, GaN compound 
heteroj unction bipolar transistor (HBT), for example. 

The first and second embodiments have been explained as using H2 gas as the 
carrier gas for growth by MOCVD. However, any other appropriate gas such as a mixed 

2 5 gas of H2 and N2, or with He or Ar gas. 

As described above, according to the invention, since an intermediate layer of a 
second nitride III-V compound semiconductor containing In and Ga but different from a 
first nitride III-V compound semiconductor is provided in contact with an active layer of 
the first nitride III-V compound semiconductor containing In and Ga or a layer of the first 

3 0 nitride III-V compound semiconductor, the intermediate layer significantly alleviates the 

stress produced in the active layer or the layer of the first nitride III-V compound 
semiconductor by a cap layer, or the like, or effectively prevents diffusion of Mg used as a 
p-type dopant of p-type layers into the active layer or the layer of nitride III-V compound 
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semiconductor. Thereby, the invention can realize a semiconductor device using nitride 
III-V compound semiconductors, which is sufficiently reduced in initial deterioration rate, 
elongated in lifetime, remarkably reduced in change of the operation current with time, 
and remarkably reduced in emission unevenness. Such a semiconductor device, which 
5 may be a semiconductor light emitting device, can be manufactured easily by the 
manufacturing method according to the invention. 

Additionally, by optimizing the position of the cap layer, the optical guide layer or 
the first optical guide layer can be grown in a good crystalline quality as compared with a 
structure locating the cap layer adjacent to the active layer with or without interposing the 

10 intermediate layer, or the optical guide layer or the first optical guide layer can be 

optimized in thickness. Therefore, it is possible to realize a semiconductor light emitting 
device made of nitride III-V compound semiconductors, which is elongated in life, 
enhanced in symmetry of intensity distribution of light in far-field images especially in 
case of a semiconductor laser and improved in aspect ratio of the radiation angle, or a 

15 semiconductor device made of nitride III-V compound semiconductors, which is elongated 
in lifetime. Such a semiconductor light emitting device or semiconductor device can be 
manufactured easily by the manufacturing method according to the invention. 
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